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Pescnption 

RECOMBINANT ALPHA VIRUS -BASED VECTORS WITH REDUCED 
INHIBITION OF CELLULAR MACROMOLECULAR SYNTHESIS 

5 

Cross-Reference to Related Application 

This application is a continuation-in-part of copending U.S. Patent 
Application No. 833.148, filed April 4. 1997; which is a continuation-in-part of U.S. 
cominuation-in-pan of U.S. Patent Application No, 08/679,640, filed July 12, 19yo; 
1 0 which is a continuation-in-part of U.S. Patent Application No. 08/668,953 filed June 24, 
1996, which is a continuation-in-part of U.S. Patent Application No. 08/628,594, filed 
April 5. 1996, all of which are incorporated herein in their entirety. 

Statement of Govemment Interest 
15 This invention has been made in part with govemment support under 

grant number AI 1 1377, awarded by the National Institutes of Health. The govemment 
may have certain rights in the invention. 

Technical Field of the Invention 
20 The present invention relates generally to recombinant DNA technology; 

and more specifically, to the development of recombinant vectors usefjl for directing 
the expression of one or more heterologous gene products. 

Background of the Inveniion 
25 Alphavimses comprise a set of genetically, stmcturally, and serologically 

related arthropod-bome vimses of the Togavihdae family. These vimses are distributed 
worldwide, and persist in nature through a mosquito to vertebrate cycle. Birds, rodents, 
horses, primates, and humans are among the defined alphavirus vertebrate 
reservoir/Tiosis. 
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Twenty-six known viruses and virus subtypes have been classified 
within the alphavirus genus utihzing the hemagglutination inhibition (HI) assay. This 
assay segregates the 26 alphaviruses into three major complexes: the Venezuelan 
equine encephalitis (VEE) complex, the Semliki Forest (SF) complex, and the western 
5 equine encephalitis (WEE) complex. In addition, four other viruses, eastern equine 
encephalitis (EEE). Barmah Forest, Middelburg, and Ndumu, receive individual 
classification based on the HI serological assay. 

Members of the alphavirus genus also are classified based on their 
relative clinical features in humans: alphaviruses associated primarily with 
10 encephalitis, and alphaviruses associated primarily with fever, rash, and polyarthritis. 
Included in the former group are the VEE and WEE complexes, and EEE. In general, 
infection with this group can result in permanent sequelae, including behavior changes 
and learning disabilities, or death. In the latter group is the SF complex, comprised of 
the individual alphaviruses Semliki Forest, Sindbis, Ross River, Chikungunya, 
15 O'nyong-nyong, and Mayaro. With respect to this group, although serious epidemics 
have been reported, infection is in general self-limiting, without permanent sequelae. 

Sindbis virus is the prototype member of the Alphavirus genus of the 
Togaviridae family. Its replication strategy after infection of cells {see Figure 1) has 
been well characterized in chicken embryo fibroblasts (CEF) and baby hamster kidney 
20 (BHK) cells, where Sindbis virus grows rapidly and to high titer, and serves as a model 
for other alphaviruses. Briefly, the genome from Sindbis virus (like other alphaviruses) 
is an approximately 12 kb single-stranded positive-sense RNA molecule which is 
capped and polyadenylated, and contained within a virus-encoded capsid protein shell. 
The nucleccapsid is further surrounded by a host-derived lipid envelope into which two 
25 viral-specific glycoproteins. El and E2, are inserted and anchored to the nucleocapsid. 
Certain alphaviruses (e.g., SF) also maintain an additional protein, E3, which is a 
cleavage product of the E2 precursor protein, PE2. After virus particle absorption to 
target cells, penetration, and uncoating of the nucleocapsid to release viral genomic 
RNA into the cytoplasm, the replicativc process is initiated by translation of the 
30 nonstructural proteins (nsPs) from the 5* two-thirds of the viral genome. The four nsPs 
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(nsPl-nsP4) are translated directly from the genomic RNA template as one of two 
polyproteins (nsP123 or nsP1234), and processed post-translationally into monomeric 
units by an active protease in the C-terminal domain nsP2. A leaky opal (UGA) codon 
present between nsP3 and nsP4 of most alphaviruses accounts for a 10 to 20% 
5 abundance of the nsP 1 234 polyproiein, as compared to the nsP 1 23 polyproiein. Both of 
the nonstructural polyproteins and their derived monomeric units may panicipate in the 
RNA replicative process, which involves binding to the conserved nucleotide sequence 
elements (CSEs) present at the 5' and 3' ends, and a junction region subgenomic 
promoter located internally in the genome (discussed further below). 
10 The positive strand genomic RNA serves as template for the nsP- 

catalyzed synthesis of a full-length complementary negative strand. Synthesis of the 
complementary negative strand is catalyzed after binding of the nsP complex to the 3' 
terminal CSE of the positive strand genomic RNA. The negative strand, in turn, serves 
as template for the synthesis of additional positive strand genomic RNA and an 
15 abundantly expressed 26S subgenomic RNA, initiated internally at the junction region 
promoter. Synthesis of additional positive strand genomic RNA occurs after binding of 
the nsP complex to the 3' terminal CSE of the complementary negative strand genomic 
RNA template. Synthesis of the subgenomic mRNA from the negative strand genomic 
RNA template, is initiated from the junction region promoter. Thus, the 5' end and 
20 junction region CSEs of the positive strand genomic RNA are ftinctional only after they 
are transcribed into the negative strand genomic RNA complement (Le., the 5' end CSE 
is ftinctional when it is the 3' end of the genomic negative stranded complement). The 
structural proteins (sPs) are translated from the subgenomic 26S RNA, which represents 
the 3' one-third of the genome, and like the nsPs, are processed post-n-anslationally into 
25 the individual proteins. 

Several groups have suggested utilizing certain members of the 
alphavirus genus as an expression vector, including, for example, Sindbis virus (Xiong 
et al.. Science 2^5:1188-1191. 1989; Hahn et al., Proc. Natl Acad. ScL USA 89:2679- 
2683, 1992; Dubensky et al., J. ViroL 70:508-519, 1996), Semliki Forest virus 
30 (Liljestrom, Bio/Technology P:1356-1361. 1991), and Venezuelan Equine Encephalitis 
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virus (Davis et al., J, Cell Biochem. Suppl. !9A:10, 1995). In addition, one group has 
suggested using alphavirus-derived vectors for the delivery of therapeutic genes in vivo. 
One difficulty, however, with the above-referenced vectors is that inhibition of host 
cell-directed macromolecular synthesis (i.e., protein or RNA synthesis) begins within a 
5 few hours after infection and cytopathic effects (CPE) occur within 12 to 16 hours post 
infection (hpi). Inhibition and shutoff of host cell protein synthesis begins within 2 hpi 
in BHK cells infected with recombinant viral panicles, in the presence or absence of 
structural protein expression, suggesting that the early events after virus infection (e.g., 
synthesis of nsPs and minus strand RNA) may directly influence the inhibition of host 

10 cell protein synthesis and subsequent development of CPE and cell death. 

SIN-1 is a variant strain derived from wild-type Sindbis, and was 
isolated from a culture of BHK cells persistently infected with Sindbis virus over a 
period of one month (Weiss et al. J. Virol. 33: 463-474, 1980), A pure SIN-1 virus 
stock obtained by expansion from a single plaque does not kill the BHK cells which it 

15 infects. Imporuntly, virus yields (>10^ PFU/cell) are the same in BHK cells infected 
with wild-type Sindbis virus or the variant SIN- 1 virus. Thus, the principle phenotype 
of SIN-1 in infected BHK cells is characterized by production of wild-type levels of 
infectious virus in the absence of virus-induced cell death. 

The present invention provides recombinant vectors with selected 
20 desirable phenotypes for use in a variety of applications, including for example, gene 
therapy and recombinant protein production, and further provides other related 
advantages. 

Summary of the Invention 

25 Briefly stated, the present invention provides RNA vector replicons, 

alphavirus vector constructs, eukaryotic layered vector initiation systems and 
recombinant alphavirus particles which exhibit reduced, delayed, or no inhibition of 
cellular macromolecular synthesis (e.g., protein or RNA synthesis), thereby permitting 
the use of these vectors for protein expression, gene therapy and the like, with reduced, 

30 delayed, or no development of CPE or cell death. Such vectors may be constructed 



SUBSTITUTE SHEET (RULE 28) 



wo 99/18226 



PCT/US98/21062 



from a wide variety of alphaviruses {e.g., Semliki Forest virus. Ross River virus, 
Venezuelan equine encephalitis virus or Sindbis virus), and designed to express 
numerous heterologous sequences (e.g., a sequence corresponding to protein, a 
sequence corresponding to antisense RNA. a sequence corresponding to non-coding 
5 sense RNA, or a sequence corresponding to ribozyme). 

Within one aspect of the invention, isolated nucleic acid molecules are 
provided comprising an altered alphavirus nonstructural protein gene which, when 
operabiy incorporated into a recombinant alphavirus, increases the time required to 
reach 50% inhibition of host-cell directed macromolecular synthesis following 
10 expression in mammalian cells, as compared to a wild-type alphavirus. As utilized 
within the context of the present invention, "altered alphavirus nonstructural protein 
gene" refers to a gene which, when operabiy incorporated into an alphavirus RNA 
vector replicon, recombinant alphavirus panicle, or eukaryotic layered vector initiation 
system, produces the desired phenotype (e.g., reduced, delayed or no inhibition of 
15 cellular macromolecular synthesis). Such altered alphavirus nonsuuctural protein genes 
will have one or more nucleotide substitutions, deletions, or insenions, which alter the 
nucleotide sequence from that of the wild-type alphavirus gene. The gene may be 
derived either anificially {e.g., from directed selection procedures; see Example 2 
below), or from naturally occurring viral variants (see Example 1 below). In addition, it 
20 should be understood that when the isolated nucleic acid molecules of the present 
invention are incorporated into an alphavirus RNA vector replicon, recombinant 
alphavirus particle, or eukaryotic layered vector initiation system as discussed above, 
that they may, within certain embodiments, substantially increase the time required to 
reach 50% inhibition of host-cell directed macromolecular synthesis, up to and 
25 including substantially no detectable inhibition of host-cell directed macromolecular 
synthesis (over any period of time). Assays suitable for detecting percent inhibition of 
host-cell directed macromolecular synthesis include, for example, that described within 
Example 1 . 

Within other aspects of the invention, isolated nucleic acid molecules are 
30 provided comprising an altered alphavirus nonstructiu^ protein gene which, when 
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operabiy incorporated into a recombinant alphavirus particle, eukary-otic layered vector 
initiation system, or RNA vector repiicon. results in a reduced level (e,g., 2-fold, 5-fold, 
10-fold, 50- fold or more than 100-fold) of vector-specific RNA synthesis as compared 
to the wild-type, and the same or greater level of protein encoded by RNA transcribed 
5 from the viral junction region promoter, as compared to a wild-type recombinant 
alphavirus particle, wild-type eukaryotic layered vector initiation system, or wild-type 
RNA vector repiicon. Representative assays for quantitating RNA levels include [^H] 
uridine incorporation as described in Example I. or RNA accumulation as detected by 
Northern Blot analysis (see Example 4). Representative assays for quantitating protein 
10 levels include scanning densitometry (see Example 4) and various enzymatic assays 
(see Examples 3-5). 

Within one embodiment of the above, the isolated nucleic acid molecule 
encodes nonstructural protein 2 (nsP2). Within a further embodiment, the isolated 
nucleic acid molecule has a mutation in the LXPGG motiff of nsP2. 
15 Within another aspect of the invention, expression \'ectors are provided 

comprising a promoter operabiy linked to one of the above-described nucleic acid 
molecules. Within one embodiment, the expression vector further comprises a 
polyadenylation sequence or transcription termination sequence 3* to the nucleic acid 
molecule. 

-0 Within yet another aspect of the present invention, alphavirus vector 

constructs are provided, comprising a 5' promoter which initiates synthesis of viral 
RNA in vitro from cDNA, a 5' sequence which initiates transcription of alphavirus 
RNA, a nucleic acid molecule which operabiy encodes all four alphaviral nonstructural 
proteins including an isolated nucleic acid molecule as described above, an alphavirfus 

25 viral junction region promoter, an alphavirus RNA polymerase recognition sequence 
and a 3' polyadenylate tract. 

Within a related aspect, such constructs further comprise a selected 
heterologous sequence downstream of and operabiy linked to a viral junction region. 
Within a related aspect, alphavirus vector constructs are provided comprising a 5' 

30 promoter which initiates synthesis of viral RNA in vitro from cDNA, a 5* sequence 
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which initiates transcription of alphavirus RNA, a nucleic acid molecule which operably 
encodes all four alphavirus non-siructural proteins, an alphavirus viral junction region 
promoter, an alphavirus RNA polymerase recognition sequence, and a 3' poiyadenylate 
tract, wherein said in vitro synthesized RNA, upon packaging into an alphavirus particle 
5 and introduction of the panicle into a mammalian host cell, increases the time required 
to reach 50% inhibition of host-cell directed macromolecular synthesis following 
expression in mammalian cells, as compared to a wild-type alphavirus particle. 

Within a further aspect, alphavirus vector constructs are provided 
comprising a 5* promoter which initiates s\.::hesis of viral RNA in viuu torn cDNA, a 
10 sequence which initiates transcription of alphavirus RNA, a nucleic acid molecule 
which operably encodes all four alphavirus non-structural proteins, an alphavirus viral 
junction region promoter, an alphavims RNA polymerase recognition sequence, and a 
3* poiyadenylate tract, wherein said in vitro synthesized RNA, upon packaging into an 
alphavirus particle and introduction of the panicle into a mammalian host cell, has a 
15 reduced level of vector-specific RNA synthesis as compared to wild-type alphavirus 
particle, and the same or greater level of protein encoded by RNA transcribed from the 
viral junction region promoter, as compared to a wild-type alphavirus particle. 

Within yet other aspects of the present invention, RNA vector replicons 
capable of translation in a eukaryotic system are provided, comprising a 5' sequence 
20 which initiates transcription of alphavirus RNA. a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins, including the isolated nucleic acid 
molecules discussed above, an alphavirus viral junction region, an alphavirus RNA 
polymerase recognition sequence and a 3' poiyadenylate tract. 

Within a related aspect, alphavirus RNA vector replicons capable of 
25 translation in a eukaryotic system are provided, comprising a 5' sequence which 
initiates transcription of alphavirus RNA, a nucleic acid molecule which operably 
encodes all four alphaviral nonstmctural proteins, an alphavirus viral junction region 
promoter, an alphavirus polymerase recognition sequence and a 3' poiyadenylate tract, 
wherein said alphavirus RNA, upon packaging into an alphavims particle and 
30 introduction of the particle into a mammalian host cell, increases the time required to 
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reach 50% inhibition of host-cell directed macromolecular smhesis following 
expression in mammalian cells, as compared to a wild-type alphavirus particle. 

Within other aspects, alphavirus RNA vector repiicons capable of 
translation in a eukaryotic system are provided comprising a 5' sequence which initiates 
5 transcription of alphavirus RNA, a nucleic acid molecule which operably encodes all 
four alphaviral nonstructural proteins, an alphavirus viral junction region promoter, an 
alphavirus polymerase recognition sequence and a 3* polyadenylate tract, wherein said 
alphavirus RNA, upon packaging into an alphavirus particle and introduction of the 
particle into a mammalian host cell, has a reduced level of vector-specific RNA 
10 synthesis as compared to wild-type alphavirus particle, and the same or greater level of 
protein encoded by RNA transcribed from the viral junction region promoter, as 
compared to a wild-type alphavirus particle. 

Within another embodiment, such RNA vector repiicons further 
comprise a selected heterologous sequence downstream of and operably linked to a viral 
15 junction region. Within further aspects of the invention, host cells are provided which 
contain one of the RNA vector repiicons described herein. Within additional aspects of 
the invention, pharmaceutical compositions are provided comprising RNA vector 
repiicons as described above and a pharmaceutical ly acceptable carrier or diluent. 

Within other aspects of the invention, recombinant alphavirus particles 
20 are provided, comprising one or more alphavirus structural proteins, a lipid envelope, 
and an RNA vector replicon as described herein. Within one embodiment, one or more 
of the alphavirus structural proteins are derived from a different alphavirus than the 
alphavirus from which the RNA vector replicon was derived. Within other 
embodiments, the alphavirus structural protein and lipid envelopes are derived from 
25 different species. Within further aspects, pharmaceutical compositions are provided 
comprising a recombinant alphavirus particle as disclosed above and a pharmaceutically 
acceptable carrier or diluent. Further, mammalian cells infected with such recombinant 
alphavirus particles are also provided. 

Wthin certain embodiments of the invention, the above described 
30 vectors or particles may further comprise a resistance marker which has been fused, in- 
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frame, with the heterologous sequence. Representative examples of such resistance 
markers include hygromycin phosphotransferase and neomycin phosphotransferase. 

Within other aspects of the present invention, methods are provided for 
selecting aiphavirus or recombinant alphavirus vector variants which exhibit the 
5 phenotype described herein of reduced, delayed, or, no inhibition of host cell directed 
macromoiecular synthesis. Representative examples of such methods include the use of 
selectable drug or antigenic markers and are provided in more detail below in Example 

Within other aspects of the present invention, Togavirus capsid partic!c3 

10 are provided which contain substantially no genomic (i.e., wild-type virus genome) or 
RNA vector repiicon nucleic acids. Representative examples of Togaviruses include, 
for example alphaviruses and nibi viruses (e.g., rubella). Within certain embodiments, 
the capsid particles further comprise a lipid envelope containing one or more alphavirus 
glycoproteins. Within other embodiments, the capsid particle further comprises an 

15 alphavirus envelope {i.e.. the lipid bilayer and the glycoprotein complement). Within 
related aspects of the present invention, pharmaceutical compositions are provided 
comprising the above noted capsid particles (with or without a lipid bilayer (e.g., viral 
envelope containing alphavirus glycoproteins)) along with a pharmaceutically 
acceptable carrier or diluent. Within further aspects, such capsid particles (with or 

20 without a lipid bilayer (e.g., viral envelope containing alphavirus glycoproteins)) or 
pharmaceutical compositions may be utilized as a vaccinating agent in order to induce 
an immune response against a desired togavirus. 

Withm further aspects of the invention, inducible promoters are provided 
comprising a core RNA polymerase promoter sequence, an operably linked nucleic acid 

25 sequence that directs the DNA binding of a protein that activates transcription from the 
core promoter sequence, and an operably linked nucleic acid sequence that directs the 
DNA binding of a protein that represses transcription from the core promoter sequence. 
Such promoters may be utilized in the gene delivery vehicles described herein, as well 
as a wide variety of other vectors known to those skilled in the art. 
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Within other aspects, alphavirus structural protein expression cassettes 
are provided comprising a 5' promoter which initiates synthesis of viral RNA from 
DNA, a nucleic acid molecule which encodes one or more functional alphavirus 
structural proteins, a selectable marker operably linked to transcription of the expression 
5 cassette, and optionally, a 3' sequence which controls transcription termination. Within 
one embodiment, such expression cassenes further comprise a 5' sequence which 
initiates transcription of alphavirus RNA, a viral junction region promoter, and an 
alphavirus RNA polymerase recognition sequence. Within another embodiment, the 
expression cassette further comprises a catalytic ribozyme processing sequence, posi- 
10 u-anslational transcriptional regulatory elements which facilitate RNA export from the 
nucleus, and/or elements which permit translation of muliicistronic mRNA, selected 
from the group consisting of Internal Ribosome Entry Site elements, elements 
promoting ribosomal read through and BiP sequence. Within other embodiments, the 
selectable marker is operably linked to a 5' promoter capable of initiating synthesis of 
15 alphavirus RNA from cDNA. Within further embodiments, the selectable marker is 
positioned downstream from a junction region promoter and from the nucleic acid 
molecule which encodes alphavirus structural proteins. Within yet other embodiments, 
the 5* promoter is an inducible promoter as described herein. Within another 
embodiment, the alphavirus structural protein expression cassette further comprises an 
20 alphavirus capsid protein gene or other sequence (e.g., a tobacco etch virus or "TEV* 
leader) which is capable of enhancing translation of one or more ftmctional alphavirus 
structural protein genes located 3' to the enhancer sequence. Preferably, the capsid 
protein gene sequence is derived from a different alphavirus than that from which the 
sequence encoding the alphavirus structural genes is obtained. 
25 Within yet other aspects of the invention, alphavirus packaging cell lines 

are provided comprising a cell containing an alphavirus structural protein expression 
cassette as described above. In certain embodiments, the alphavirus packaging cell 
lines are stably transformed with the alphavirus structural protein expression cassettes 
provided herein. Within related aspects, alphavirus producer cell lines are provided 
30 comprising a cell which contains a stably transformed alphavirus structural protein 
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expression cassette, and a vector selected from the group consisting of RNA vector 
replicons, alphavirus vector constructs and eukaryotic layered vector initiation systems. 

Within yet other aspects of the present invention, eukaryotic layered 
vector initiation systems are provided, comprising a 5' promoter capable of initiating 
5 in vivo the 5' synthesis of RNA from cDNA, a sequence which initiates transcription of 
alphavirus RNA following the 5' promoter; a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins, including an isolated nucleic acid 
molecule as discussed above, an alphavirus RNA polymerase recognition sequence, and 
a 3' poly adenylate tract. 

10 Also provided are eukaryotic layered vector initiation systems 

comprising a 5' promoter capable of initiating in vivo the 5' synthesis of alphavirus 
RNA from cDNA. a sequence which initiates transcription of alphavirus RNA 
following the 5' promoter, a nucleic acid molecule which operably encodes all four 
alphaviral nonstructural proteins, an alphavirus RNA polymerase recognition sequence, 

15 and a 3' polyadenylate tract, wherein the in vivo synthesized RNA, upon packaging into 
an alphavirus particle and introduction of the particle into a mammalian host cell, 
increases the time required to reach 50% inhibition of host-cell directed macromolecular 
synthesis following expression in mammalian cells, as compared to a wild-type 
alphavirus particle. 

20 Related eukaryotic layered vector initiation system are also provided 

which comprise a 5' promoter capable of initiating in vivo the 5' synthesis of alphavirus 
RNA from cDNA, a sequence which initiates transcription of alphavirus RNA 
following the 5* promoter, a nucleic acid molecule which operably encodes all four 
alphaviral nonstructural proteins, an alphavirus RNA polymerase recognition sequence, 

25 and a 3' polyadenylate tract, wherein said in vivo synthesized RNA, upon packaging 
into an alphavirus particle and introduction of the particle into a mammalian host cell, 
has a reduced level of vector-specific RNA synthesis as compared to wild-type 
alphavirus particle, and the same or greater level of protein encoded by RNA 
transcribed from the viral junction region promoter, as compared to a wild-type 

30 alphavirus particle. 
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Representative examples of suitable 5' promoters for eukaryotic layered 
vector initiation systems include RNA polymerase I promoters, RNA polymerase II 
promoters, RNA polymerase III promoters, the HSV-TK promoter, RSV promoter, 
tetracycline inducible promoter, MoMLV promoter, a SV40 promoter and a CMV 
5 promoter. Within preferred embodiments, the 5' promoter is an inducible promoter as 
described herein. 

Within certain embodiments, eukaryotic layered vector initiation systems 
arc provided which further comprise a heterologous sequence operabiy linked to a viral 
junction region, and/or a post-transcriptional regulatory element which facilitates RNA 
10 export from the nucleus. Within further embodiments, the eukaryotic layered vector 
initiation systems provided herein may further comprise a transcription termination 
signal. 

Within related aspects, the present invention also provides host cells 
(eg., vertebrate or insect) containing a stably transformed eukaryotic layered vector 

15 initiation system as described above. Within further aspects of the present invention, 
methods for delivering a selected heterologous sequence to a vertebrate or insect are 
provided, comprising the step of administering to a vertebrate or insect an alphavirus 
vector construct, RNA vector replicon, recombinant alphavirus panicle, or a eukaryotic 
layered vector initiation system as described herein. Within certain embodiments, the 

20 alphavirus vector construct, RNA vector replicon, recombinant alphavirus particle or 
eukaryotic layered vector initiation system is administered to cells of the vertebrate 
ex vivo, followed by administration of the vector or particle-containing cells to a warm- 
blooded animal. 

Within other aspects, pharmaceutical compositions are provided 
25 comprising a eukaryotic layered vector initiation system as discussed above, and a 
pharmaceutically acceptable carrier or diluent. Within certain embodiments, the 
pharmaceutical composition is provided as a liposomal formulation. 

Within further aspects, methods of making recombinant alphavirus 
particles are provided, comprising the steps of (a) introducing a vector such as a 
30 eukaryotic layered vector initiation system, RNA vector replicon, or alphavirus vector 
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particle as described above into a population of packaging cells under conditions and 
for a time sufficient to permit production of recombinant alphavirus particles, and 
(b) harvesting recombinant alphavirus particles. Within related aspects, methods of 
making a selected protein are provided, comprising the steps of (a) introducing a vector 
5 which encodes a selected heterologous protein, such as a eukaryoiic layered vector 
initiation system. RNA vector replicon or alphavirus vector particle described above, 
into a population of packaging cells, or other cells under conditions and for a time 
sufficient to permit production of the selected protein, and (b) harvesting protein 
produced by the vector containing cells. Within yet other aspects, methods of making a 
10 selected protein are provided, comprising the step of introducing a eukaryotic layered 
vector initiation system which is capable of producing a selected heterologous protein 
into a host cell, under conditions and for a time sufficient to permit expression of the 
selected protein. Within further aspects, host cell lines are provided which contain a 
RNA vector replicon as described herein. 
1 5 Within yet other aspects of the present invention, alphavirus vaccines are 

provided, comprising one of the above-described alphavirus vector consUiicts, RNA 
vector replicons, eukaryotic vector initiation systems, or recombinant alphavirus 
panicles, which may or may not express one of the heterologous sequences provided 
herein (e.g., they may be utilized solely as a vaccine for treating or preventing 
20 alphaviral diseases). For example, within one embodiment of the invention, 
recombinant togavirus particles are provided which have substantially no nucleic acid 
or RNA vector replicon nucleic acid. Within a further embodiment, recombinant 
togavirus particles are provided which contain heterologous viral nucleic acids (i.e., 
from a different virus than the togavirus particle). Within yet another embodiment, the 
25 recombinant togavirus particle is T=3 or greater. 

Within further aspects of the invention, recombinant chimeric togavirus 
particles (either empty, or containing nucleic acids) are provided wherein the viral 
particle has viral structural components obtained or derived from different Togaviridae 
(e.g., the capsid protein and glycoprotein is obtained from different alphavirus sources). 
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Within other aspects of the invention, methods for stimulating an 
immune response within a vertebrate are provided, comprising the step of administering 
to a vertebrate an alphavirus vector construct, an alphavirus RNA vector replicon 
according, a recombinant alphavirus particle, or a eukaryotic layered vector initiation 
5 system, wherein the alphavirus vector construct, RNA vector replicon, particle, or 
eukaryotic layered vector initiation system expresses an antigen which stimulates an 
immune response within said vertebrate (see, e.g., U.S. Serial No. 08/404,796 for 
suitable antigens K Within related aspects, methods are provided for inhibiting a 
pathogenic agent within a vertebrate, comprising the step of administering to a 

10 vertebrate an alphavirus vector construct, an alphavirus RNA vector replicon. a 
recombinant alphavirus particle, or a eukaryotic layered vector initiation system 
according, wherein said alphavirus vector construct, RNA vector replicon, particle, or 
eukaryotic layered vector initiation system expresses an palliative which is capable of 
inhibiting a pathogenic agent (see, e.g., U.S. Serial No. 08/404,796 for suitable 

15 palliatives). 

These and other aspects and embodiments of the invention will become 
evident upon reference to the following detailed description and attached figures. In 
addition, \-arious references are set forth herein that describe in more detail certain 
procedures or compositions (e.g., plasmids. sequences, etc.), and are therefore 
20 incorporated by reference in their entirety as if each were individually noted for 
incorporation. 

Brief Description of the Figures 

Figure 1 is a schematic illustration of Sindbis vims and general 
25 alphavirus genomic organization and replication strategy. 

Figure 2 is a graph of vims release from BHK cells infected at an MOI 
of 10 with SIN-1, SIN-l/nsPM, TotollOl, or Sin-l/nsP2 viruses. Cell culture fluids 
were collected at 3, 6. 9 and 12 hours post-infection. Vims titers were determined by 
plaque assay. 
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Figure 3 is a graph depicting viral RNA synthesis in BHK ceils 
following infection by TotollOK SIN-I/nsP2, SIN-l/nsPl-4. or SIN-l virus. Cells 
were infected at an MOI 10 and at 1 hour post-infection, actinomycin D and ^H-uridine 

were added. At 3, 6, 9, and 12 hpi the amount of "^H-uridine incorporation was 
5 determined. 

Figure 4 is a graph depicting viral RNA synthesis in BHK cells infected 
by SIN-l/nsPl, SIN-l/nsP2, SIN-l/nsP3, SIN-l/nsP3-4, SIN-l/nsP4, SrN-l/nsP2-C, 
SIN-l/nsP2-N, TotoliOl, SIN-L or SIN.l/nsPl-4. The levels of ^H-uridine 
incorporation are expressed relative to wild-type (Toto 1101) infection, 
10 Figure 5 is a graph depicting the shut-off of host cell protein synthesis in 

BHK cells infected by SIN-InsPl-4, SIN-l. SIN-lnsP2, or TotoIlOl viruses. 

Figures 6A-6D is the cDNA sequence of 8000 bases of SIN-l vims 
(SEQ. ID NO. 101). 

Figure 7A-7D is the cDNA sequence of 8000 bases of SINCG virus 
15 (SEQ. ID NO. 102). 

Figures 8A-8E are the cDNA sequence of Toto 1101 virus (SEQ. ID NO. 

103). 

Figure 8F is a schematic illustration depicting selection of vectors 
expressing the desired phenotype using a selectable marker, 
20 Figure 8G is a nonhem blot analysis of RNAs isolated from G418- 

rcsistant BHK-21 cell pools stably transformed with a variant Sindbis virus vector or 
Semliki Forest virus vector expressing neomycin phosphotransferase. 

Figure 8H is a schematic illustration of the genetic determinants 
responsible for the desired phenotype in variant Sindbis virus vectors, 
-5 Figure 9 A is a northern blot analysis of RNAs isolated from BHK-21 

cells that were transfected with pBG/SIN-1 ELVS 1.5-SEAP or pBG/wt ELVS 1.5- 
SEAP plasmid DNAs. and hybridized with a radiolabeled viral RNA probe. 

Figure 9B is a graph depicting a 7 day timecourse of alkaline 
phosphatase expression in BHK ceils transfected with pBG/SIN-1 ELVS 1.5-SEAP or 
30 pBG/wt ELVS 1 .5-SEAP plasmid DNAs. 
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Figure 10 is a graph depicting a 4 day timecourse of luciferase 
expression in BHK cells transfected with pBG/SIN-l ELVS 1.5-Iuc or pBG/wt ELVS 
1 .5-luc plasmid DNAs. 

Figure 1 1 A is a northern blot analysis of RNAs isolated from BHK-21 
5 cells that were transfected with pBG/SIN-1 ELVS-1.5-P-gal or pBG/wt ELVS 1.5-P-gal 
plasmid DNAs, and hybridized with a radiolabeled viral RNA probe. 

Figure II B is a western blot analysis detecting P-gal expression in BHK- 
21 cells transfected with either pBG/SIN-1 ELVS- 1.5-P-gal or pBG/wt ELVS 1.5-P-gal 
plasmid DNAs, 

10 Figure IIC is a graph depicting a 5 day timecourse of alkaline 

phosphatase expression in BHK cells transfected with pBG/SIN-1 ELVS- 1.5-P-gal or 
pBG/wt ELVS 1.5-p-gal plasmid DNAs. 

Figure 12A & B are graphs depicting p-gal expression in HT1080 and 
BHK-21 cells transfected with ELVS p-gal vectors with or without HBV PRE 
15 sequences, as measured by RLU (relative light units). 

Figure 13 is a schematic illustration of RNA amplification, structural 
protein expression, and vector packaging by vector inducible alphavirus packaging cell 
lines. 

Figure 14 is a schematic illustration of vector inducible structural protein 
20 expression cassettes used in the generation of alphavirus packaging cell lines. 

Figure 1 5 is a graph depicting luciferase vector packaging (transfer of 
expression) by different alphavirus packaging cell lines. 

Figure 16 is a western blot analysis demonstrating induction of strucniral 
protein expression by an alphavirus packaging cell line following transfection and 
25 subsequent expression with an alphavirus vector (ELVS-Pgal). but not a conventional 
plasmid DNA expression vector (pCMV-Pgal). 

Figure 17A is a graph depicting luciferase vector packaging by C6/36 
mosquito ceils containing the pDCMV-intSINrbz structural protein expression cassette. 

Figure 17B is a graph depicting luciferase vector packaging by human 
30 293 packaging cells stably transformed with plasmid pBGSVCMVdlneo. 
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Figure 18 is a graph depicting luciferase vector packaging by different 
alphavirus packaging cell lines. 

Figure 19 is an RNA gel autoradiograph depicting "H uridine-labeied 
RNAs from BHK cells infected with SINrep/LacZ vector particles produced from an 
5 alphavirus packaging cell line. 

Figure 20 is a protein gel autoradiograph depicting '^S methionine- 
labeled proteins from BHK cells infected with SINrep/LacZ vector particles produced 
from an alphavirus packaging cell line. 

Figure 21 A is a schematic illustration depicting packaging of alphavims 
10 vectors with structural proteins in which the capsid protein and glycoproteins are 
expressed from distinct, or "split", expression cassettes. 

Figure 218 is a schematic illustration depicting the structural protein 
expression cassettes in which the capsid protein and glycoproteins are separated, used to 
derive stable split structural gene packaging cell lines. 
15 Figure 21C is a western blot analysis demonstrating induction of 

alphavirus capsid protein synthesis by several clonal cell lines following transfection 
and subsequent synthesis of alphavirus glycoproteins or Pgal from an alphavirus 
expression vector (EL VS-1.5PE [1.5 PE], or ELVS-Pgal [pgal]). 

Figure 21 D is a western blot analysis demonstrating induction of 
20 alphavirus capsid protein synthesis by several clonal cell lines following transfection 
and subsequent expression with an alphavirus expression vector (ELVS-Pgal). 

Figure 22 is a schematic illustration of the region of structural protein 
expression cassettes comprising a wild-type or deletion mutant Ross River virus capsid 
protein gene. 

-5 Figure 23 is a schematic illustration of vector inducible structural protein 

expression casseues containing a wild-type or deletion mutant Ross River virus capsid 
protein gene. 

Figure 24 is a schematic illustration of vector packaging by "split" 
structural protein gene expression cassettes which contain a Ross River virus capsid 
30 protein gene sequence upstream of the Sindbis virus glycoprotein genes. 
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Figure 25 is a schematic illustration of vector packaging by "split" 
structural protein gene expression cassettes which contain a Ross River virus capsid 
protein gene sequence upstream of the Sindbis virus glycoprotein genes on one cassette, 
and the Sindbis virus capsid protein gene in a separate cassette. 
5 Figure 26A is a table showing the results of vector particle packaging 

using the above "split" structural protein gene expression cassettes. 

Figure 26B is two graphs which depict the packaging activity of 25 
clonal cell lines from drug-resisiant cell pools derived by stable iransfection with the 
split structural protein gene expression cassettes illustrated in Figure 2 IB, relative to a 
10 genomic structural protein gene PCL (987 dlneo). 

Figure 26C is a western blot analysis demonstrating induction of 
structural protein expression by three split structural gene alphavirus packaging cell 
lines following transfection and subsequent expression with an alphavirus vector 
(ELVS-Pgal), but not a conventional plasmid DNA expression vector (pCI-Pgal). 
15 Figure 26D is a graph depicting the amplification and production of p- 

gal protein over time in several split structural gene alphavirus packaging cell lines 
(Clone 9TD, Clone 2TD, Clone 24TD, Clone 20SS), relative to a genomic structural 
protein gene PCL {987 genomic PCL). 

Figure 27 is a schematic illustration of the use of alphavirus packaging 
20 cell lines for the amplification of packaged vector particle preparations and the large 
scale production of recombinant protein. 

Figure 28 is a graph depicting the amplification and production of P-gal 
protein over time using alphavirus packaging cell lines. 

Figure 29 is a schematic illustration of the use of a tetracycline regulated 
25 promoter system to control expression of alphavirus vector RNA from cDNA in vivo. 

Figure 30 is a schematic illustration of the use of a linked transcriptional 
repressor and a transcriptional inducer/activator regulated promoter system to control 
expression of alphavirus vector RNA from cDNA in vivo. 

Figure 3IA & B are autoradiographs of [^HJuridine-labcled RNAs 
30 electrophoresed on denaturing glyoxal gels that were isolated from BHK cell 
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electroporated with SINrep/LacZ replicon and DH RNAs from \'arious RRV capsid 
containing DH constructs, and from the vector particles present in the culmre fluids at 
18 hours post electroporaiion. 

Figure 32A & B are protein gel autoradiographs depicting 
5 methionine-labelled proteins from BHK cells electroporated with SINrep/LacZ replicon 
and DH RNAs from various RRV capsid containing DH constructs, and from the vector 
particles present in the culture fluids at 18 hours post electroporation. 

Figure 33A-D are Kyte-Doolittle hydrophobicity plots of various Ross 
River virus (RRV) capsid proteins, expressed from the wild-type gene (A) and three 
10 deletion mutants CAlrrv, CA2rrv, and CA3rrv (B-D, respectively). 

Figure 34 is a schematic that illustrates the amino-ierminus RRV capsid 
proteins expressed from the wild-type gene (SEQ. ID NO. 114), and three deletion 
mutants CAlrrv (SEQ. ID NO. 1 15), CA2nrv (SEQ. ID NO. 1 16), and CASrrv (SEQ. ID 
NO. 1 1 7). The lysine residues deleted in the RRV capsid gene mutants are indicated. 
^5 Figure 35 is a graph that illustrates the relative levels of [^^Sjmethionine 

and [^HJuridine incorporated into virus particles in BPiK cells infected at high MOI with 
TotolIOl wild-type virus. 

Figure 36 is a graph that illustrates the relative levels of ["S] methionine 
and [^H]uridine incorporated into vims particles in BHK cells electroporated with 
20 SINrep/lacZ and DH-BB (5' tRNA) Crrv DH RNAs. 

Figure 37 is a graph that illustrates the relative levels of ["S]methionine 
and [^HJuridine incorporated into virus particles in BHK cells electroporated with 
SINrep/iacZ and RRV capsid deletion mutant DH-BB (5' tRNA) CA3rrv DH RNAs. 

Figure 38 is a graph which compiles the results shown in Figures 35-37, 
25 depicting the relative levels of t''S]methionine and ['HJuridine incorporated into virus 
particles in BHK cells electroporated with SINrep/lacZ and DH RNAs, or infected with 
TotolIOl wild-type virus. 

Figure 39 is a graph which illustrates luciferase vector packaging by 
BHK cells stably transformed with pBGSVCMVdlhyg. 

30 
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Defmition of Terms 

The following terms arc used throughout the specification. Unless 
otherwise indicated, these terms are defined as follows: 

"Genomic RNA" refers to RNA which contains all of the genetic 
5 information required to direct its own amplification or self-replication in vivo, within a 
target cell. To direct its own replication, the RNA molecule may: 1) encode one or 
more polymerase, replicase. or other proteins which may interact with viral or host cell- 
derived proteins, nucleic acids or ribonucleoproteins to catalyze the RNA amplification 
process; and 2) contain cis RNA sequences required for replication, which may be 
10 bound during the process of replication by its self-encoded proteins, or non-self- 
encoded cell-derived proteins, nucleic acids or ribonucleoproteins, or complexes 
between any of these components. .An alphavirus-derived genomic RNA molecule 
should contain the following ordered elements: 5' viral or defective- interfering RNA 
sequence(s) required in cis for replication, sequences which, when expressed, code for 
15 biologically active alphavirus nonstructural proteins (e.g., nsPl, nsP2, nsP3, nsP4), 3' 
viral sequences required in cis for replication, and a polyadenylate tract. The 
alphavirus-derived genomic RNA vector replicon also may contain a viral subgenomic 
"junction region" promoter which may, in certain embodiments, be modified in order to 
prevent, increase, or reduce viral transcription of the subgenomic fragment, and 
20 sequences which, when expressed, code for biologically active alphavirois structural 
proteins (e.g., C, E3, E2. 6K, El). Generally, the term genomic RNA refers to a 
molecule of positive polarity, or "message" sense, and the genomic RNA may be of 
length different from that of any known, naturally-occurring alphavirus. In preferred 
embodiments, the genomic RNA does not contain the sequences which encode any 
25 alphavirai structural protein(s); rather those sequences are substituted with heterologous 
sequences. In those instances where the genomic RNA is to be packaged into a 
recombinant alphavirus particle, it must contain one or more sequences which serve to 
initiate interactions with alphavirus structural proteins that lead to particle formation, 
and preferably is of a length which is packaged efficiently by the packaging system 
30 being employed. 
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"Subgenomig RNA", or "2fiS" RNA, refers lo a RNA molecule of a 
length or size which is smaller than the genomic RNA from which it was derived. The 
subgenomic RNA should be transcribed from an internal promoter whose sequences 
reside within the genomic RNA or its complement. Transcription of the subgenomic 
5 RNA may be mediated by viral-encoded polymerase(s), host cell-encoded 
polymerase(s), transcription factor(s), ribonucleoprotein(s). or a combination thereof. 
In preferred embodiments, the subgenomic RNA is produced from a vector according to 
the invention, and encodes or expresses the gene(s) or sequence(s) of interest. The 
subgenomic RNA need not necessarily have a sedimentation coefficient of 26. 
0 "Alphavinis vector constmct" refers to an assembly which is capable of 

directing the expression of a sequence(s) or gene(s) of interest. Such vector constructs 
are comprised of a 5* sequence which is capable of initiating transcription of an 
alphavirus RNA (also referred to as 5' CSE, in background), as well as sequences 
which, when expressed, code for biologically active alphavirus nonstructural proteins 
5 {e.g., nsPl, nsP2, nsP3, nsP4), and an alphavirus RNA polymerase recognition 
sequence (also referred to as 3' CSE, in background). In addition, the vector constmct 
should include a viral subgenomic "junction region" promoter which may, in certain 
embodiments, be modified in order to prevent, increase, or reduce viral transcription of 
the subgenomic fragment, and also a polyadenylate tract. The vector also may include 
0 sequences from one or more structural protein genes or portions thereof, exn-aneous 
nucleic acid moleculefs) which are of a size sufficient to allow production of viable 
vims, a 5' promoter which is capable of initialing the synthesis of viral RNA in vitro 
from cDNA, a heterologous sequence to be expressed, as well as one or more restriction 
sites for insertion of heterologous sequences. 
5 "Alphavirus RNA vector rgplicon", " RNA vector rpp ij ^ ^^n" and 

"iSCiicon" refers to a RNA molecule which is capable of directing its own amplification 
or self-replication in vivo, within a target cell. To direct its own amplification, the RNA 
molecule may: 1) encode one or more polymerase, replicase, or other proteins which 
may interact with viral or host cell-derived proteins, nucleic acids or ribonucleoproteins 
3 to catalyze RNA amplification; and 2) contain cis RNA sequences required for 
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replication which may be bound by its self-encoded proteins, or non-self-encoded cell- 
derived proteins, nucleic acids or ribonucleoproteins, or complexes between any of 
these components. In certain embodiments, the amplification also may occur in vitro. 
An alphavirus-derived RNA vector replicon molecule should contain the following 
5 ordered elements: 5' viral sequences required in cis for replication (also referred to as 5' 
CSE, in background), sequences which, when expressed, code for biologically active 
alphavirus nonstructural proteins {e.g,, nsPl, nsP2, nsP3, nsP4), 3' viral sequences 
required in cis for replication (also referred to as 3* CSE, in background), and a 
polyadenylate tract. The alphavirus-derived RNA vector replicon also may contain a 
10 viral subgenofnic "junction region" promoter which may, in cenain embodiments, be 
modified in order to prevent, increase, or reduce viral transcription of the subgenomic 
fragment, sequences from one or more structural protein genes or portions thereof, 
extraneous nucleic acid molecule(s) which are of a size sufficient to allow production of 
viable virus, as well as heterologous sequence(s) to be expressed. The source of RNA 
15 vector replicons in a cell may be from infection with a virus or recombinant alphavirus 
particle, or transfection of plasmid DNA or in vitro transcribed RNA. 

"Recombinant Alphavir us Particle " refers to a virion unit containing an 
alphavirus RNA vector replicon. Generally, the recombinant alphavirus particle 
comprises one or more alphavirus structural proteins, a lipid envelope and an RNA 
20 vector rephcon. Preferably, the recombinant alphavirus panicle contains a nucleocapsid 
structure that is contained within a host cell-derived lipid bilayer. such as a plasma 
membrane, in which alphaviral-encoded envelope glycoproteins are embedded. The 
particle may also contain other components (e.g., targeting elements such as biotin, 
other viral structural proteins, or other receptor binding ligands) which direct the 
25 tropism of the particle from which the alphavirus was derived, or other RNA molecules. 

"Structural protein expre ssion cassette " refers to a nucleic acid molecule 
which is capable of directing the synthesis of one or more alphavirus structural proteins. 
The expression cassette should include a 5' promoter which is capable of initiating 
in vivo the synthesis of RNA from cDNA, as well as sequences which, when expressed, 
30 code for one or more biologically active alphavirus structural proteins (eg., C, E3, E2, 
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6K, El), and a 3' sequence which controls transcription termination. The expression 
cassette also may include a 5' sequence which is capable of initiating transcription of an 
alphavirus RNA (also referred to as 5' CSE, in background), a viral subgenomic 
"junction region" promoter, and an alphavirus RNA polymerase recognition sequence 
5 (also referred to as 3' CSE, in background). In certain embodiments, the expression 
cassette also may include splice recognition sequences, a catalytic ribozyme processing 
sequence, a sequence encoding a selectable marker, a nuclear export signal, as well as a 
polyadenyialion sequence. In addition, expression of the alphavirus structural protein(s) 
may, in cenain embodiments, be regulated bv the use of an inducible prnrnoter. 

10 "Stable Transformation" refers to the inu-oduction of a nucleic acid 

molecule into a living cell, and long-term or permanent maintenance of that nucleic acid 
molecule in progeny cells through successive cycles of cell division. The nucleic acid 
molecule may be maintained in any cellular compartment, including, but not limited to, 
the nucleus, mitochondria, or cytoplasm. In preferred embodiments, the nucleic acid 

15 molecule is maintained in the nucleus. Maintenance may be intrachromosomal 
(integrated) or extrachromosomal, as an episomal event. 

"Alphavirus packaging cell line" refers to a cell which contains an 
alphavirus structural protein expression cassette and which produces recombinant 
alphavirus particles after introduction of an alphavirus vector construct, RNA vector 

20 replicon, eukaryotic layered vector initiation system, or recombinant alphavirus particle. 
The parental cell may be of mammalian or non-mammalian origin. Within preferred 
embodiments, the packaging cell line is stably transformed with the structural protein 
expression cassette. 

"Alphavirus producer cell line" refers to a cell line which is capable of 

25 producing recombinant alphavirus particles, comprising an alphavirus packaging cell 
line which also contains an alphavirus vector construct, RNA vector replicon, 
eukaryotic layered vector initiation system, or recombinant alphavirus particle. 
Preferably, the alphavirus vector construct is eukaryotic layered vector initiation 
system, and the producer cell line is stably transformed with the vector construct. In 

30 preferred embodiments, transcription of the alphavirus vector construct and subsequent 
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production of recombinant alphavirus panicles occurs only in response to one or more 
factors, or the differentiation state of the alphavirus producer cell line. 

"Pgftgtivg hglpgr COnstrwci" refers to an assembly which is capable of 
RNA amplification or replication, and expression of one or more alphavirus structural 
5 proteins in response to biologically active alphavirus nonstructural proteins supplied in 
trans. The defective helper construct should contain the following ordered elements: 5' 
viral or defective-interfering RNA sequences required in cis for replication, a viral 
subgenomic junction region promoter, sequences which, when expressed, code for one 
or more biologically active alphavirus structural proteins (e.g., C, E3, E2, 6K, El), 3' 

10 viral sequences required in cis for replication, and a polyadenylate tract. The defective 
helper construct also may contain a 5* promoter which is capable of initiating the 
synthesis of viral RNA from cDNA, a 3' sequence which controls transcription 
tenmination. splice recognition sequences, a catalytic ribozyme processing sequence, a 
sequence encoding a selectable marker, and a nuclear export signal. 

15 "Eukarvotic Layered Vector Initiation System" refers to an assembly 

which is capable of directing the expression of a sequencc(s) or gene(s) of interest. The 
eukaryotic layered vector initiation system should contain a 5' promoter which is 
capable of initiating in vivo (i.e. within a cell) the synthesis of RNA from cDNA, and a 
nucleic acid vector sequence which is capable of directing its own replication in a 

20 eukaryotic cell and also expressing a heterologous sequence. The nucleic acid sequence 
which is capable of directing its own amplification may be of viral or non-viral origin. 
In certain embodiments, the nucleic acid vector sequence is an alphavirus-derived 
sequence and is comprised of a 5' sequence which is capable of initiating transcription 
of an alphavirus RNA (also referred to as 5' CSE, in background), as well as sequences 

25 which, when expressed, code for biologically active alphavirus nonstructural proteins 
{e.g., nsPl, nsP2, nsP3, nsP4), and an alphavirus RNA polymerase recognition 
sequence (also referred to as 3* CSE, in background). In addition, the vector sequence 
may include a viral subgenomic "junction region" promoter which may, in certain 
embodiments, be modified in order to prevent, increase, or reduce viral transcription of 

30 the subgenomic fragment, sequences from one or more structural protein genes or 
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portions thereof, extraneous nucleic acid molecule(s) which are of a size sufficient to 
allow optimal amplification, a heterologous sequence to be expressed, one or more 
restriction sites for insertion of heterologous sequences, as well as a polyadenylation 
sequence. The eukaryotic layered vector initiation system may also contain splice 
5 recognition sequences, a catalytic ribozyme processing sequence, a nuclear export 
signal, and a transcription temiination sequence. In certain embodiments, in vivo 
synthesis of the vector nucleic acid sequence from cDNA may be regulated by the use 
of an inducible promoter. 

"Alohavirus cDNA vector construct" refers to an assembly which i$ 
10 capable of directing the expression of a sequence(s) or gene(s) of interest. The vector 
construct is comprised of a 5' sequence which is capable of initiating transcription of an 
alphavirus RNA (also referred to as 5' CSE), as well as sequences which, when 
expressed, code for biologically active alphavirus nonstructural proteins (e.g,, nsPI, 
nsP2, nsP3, nsP4), and an alphavirus RNA polymerase recognition sequence (also 
15 referred to as 3' CSE, in background). In addition, the vector construct should include a 
5* prompter which is capable of initiating in vivo the synthesis of viral RNA from 
cDNA, and a 3' sequence which controls transcription termination. Within certain 
embodiments, the vector construct may ftirther comprise a viral subgenomic "junction 
region" promoter which may, in certain embodiments, be modified in order to prevent, 
20 increase, or reduce viral transcription of the subgenomic fragment The vector also may 
include sequences from one or more structural protein genes or portions thereof, 
extraneous nucleic acid molecule(s) which are of a size sufficient to allow production of 
viable virus, a heterologous sequence to be expressed, one or more restriction sites for 
insertion of heterologous sequences, splice recognition sequences, a catalytic ribozyme 
25 processing sequence, a nuclear export signal, as well as a polyadenylation sequence. In 
certain embodiments, in vivo synthesis of viral RNA from cDNA may be regulated by 
the use of an inducible promoter. 

"Gene delivery vehicle" refers to a construct which can be utilized to 
deliver a gene or sequence of interest. Representative examples include alphavirus 
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RNA vector replicons, alphavinis vector constructs, eukaryotic layered vector initiation 
systems and recombinant alphavinis particles. 

Numerous aspects and advantages of the invention will be apparent to 
those skilled in the art upon consideration of the following detailed description which 
5 provides illumination of the practice of the invention. 

Detailed Description of the Invention 

As noted above, the present invention provides novel gene delivery 
vehicles including for example, RNA vector replicons, alphavinis vector constructs, 
10 eukaryotic layered vector initiation systems and recombinant alphavirus panicles. 
Briefly, introduction of plasmid DNA-, in vitro transcribed RNA-, or panicle-based 
vectors of the present invention into a cell, results in levels of heterologous gene 
expression that are equivalent, or higher, as compared to expression levels of wild-type 
derived alphaviral vectors. Unexpectedly however, the level of vector-specific RNA 

15 synthesized is at least about 5 to 10-fold lower in cultured cells which contain a gene 
delivery vehicle of the present invention, as compared to wild-type derived vectors. 
Furthermore, such gene delivery vehicles exhibit reduced, delayed, or no inhibition of 
host cell-directed macromolecular synthesis following introduction into a host cell, as 
compared to wild-t\pe derived vectors. 

20 As discussed in more detail below, the present invention provides: 

(A) sources of wildrtype alphavimses suitable for constructing the gene delivery 
vehicles of the present invention; (B) methods for selecting alphavimses with a desired 
phenotype; (C) construction of alphavirus vector constructs and alphavirus RNA vector 
replicons; (D) construction of Eukaryotic Layered Vector Initiation Systems: 

25 (E) construction of recombinant alphavirus panicles; (F) heterologous sequences which 
may be expressed by the gene delivery vehicles of the present invention; 
(G) construction of alphavirus packaging or producer cell lines; (H) pharmaceutical 
compositions; and (I) methods for utilizing alphavirus-based vectors. 
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A. Sources of Wild-Tvpe Alphavinis 

As noted above, the present invention provides a wide variety of 
alphavirus-based vectors (e^g,, RNA vector replicons, alphavirus vector constructs, 
eukaryotic layered vector initiation systems and recombinant alphavirus particles), as 
5 well as methods for utilizing such vector constructs and panicles. Briefly, sequences 
encoding wild-type alphaviruses suitable for use in preparing the above-described 
vectors can be readily obtained given the disclosure provided herein from naturally- 
occurring sources, or from depositories (e.g., the American Type Culture Collection, 
Rockville, Maryland). In addition, wild-type alphaviruses may be utilized for 
10 comparing the level of host-cell directed macromolecular synthesis in ceils infected 
with the wild-type alphavirus, with the level of host-cell directed macromolecular 
synthesis in cells containing the gene delivery vehicles of the present invention. 

Representative examples of suitable alphaviruses include Aura virus 
(ATCC VR-368), Bebaru virus (ATCC VR-600, ATCC VR-1240), Cabassou virus 
1 5 (ATCC VR-922), Chikungunya virus (ATCC VR-64, ATCC VR- 1241), Eastern equine 
encephalomyehtis virus (ATCC VR-65, ATCC VR-1242), Fort Morgan virus (ATCC 
VR-924), Getah virus (ATCC VR.369, ATCC VR-1243), Kyzylagach virus (ATCC 
VR-927). Mayaro virus (ATCC VR.66, ATCC VR-1277), Middleburg virus (ATCC 
VR-370), Mucambo virus (ATCC VR-580, ATCC VR.1244), Ndumu virus (ATCC 
20 VR.371), Pixuna virus (ATCC VR-372, ATCC VR-1245), Ross River virus (ATCC 
VR-373, ATCC VR-1246), Semliki Forest virus (ATCC VR-67, ATCC VR-1247), 
Sindbis virus (ATCC VR-68, ATCC VR-1248; see also CMCC #4640. described 
below), Tonate virus (ATCC VR-925). Triniti virus (ATCC VR-469), Una vims 
(ATCC VR-374), Venezuelan equine encephalomyelitis virus (ATCC VR-69, ATCC 
25 VR-923, ATCC VR-1250 ATCC VR-1249, ATCC VR-532), Western equine 
encephalomyelitis virus (ATCC VR-70, ATCC VR-1251, ATCC VR-622, ATCC VR- 
1252). Whataroa virus (ATCC VR-926). and Y-62-33 virus (ATCC VR-375). 

For purposes of comparing levels of cellular macromolecular synthesis, 
the following plasmids may also be utilized as a standard source of wild-type alphavims 
30 stocks. These plasmids include: for Semliki Forest Virus, pSP6-SFV4 (Liljestrom et 
al., y. Virol. 55:4107-4113. 1991); for Venezuelan equine encephalitis virus, pV2000 
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(Davis ei al., Vir. 183:20-21, 1991); for Ross River vims, pRR64 (Kuhn et al., Vir 
y<?2:430-441, 1991). Briefly, for these plasmids, virus can be obtained from BHK cells 
transfected with /// vitro transcribed genomic RNA from the plasmids. For Sindbis 
virus, infectious virus may be isolated directly from BHK cells transfected with 
5 pVGELVIS (ATCC No. 75891) plasmid DNA, or alternatively, obtained as a wild-type 
virus stock (see deposit information provided belcw regarding ATCC No. VR-2526). 

B. Selection of Alphaviruses With a De sired Phenntvpe 

The duration of in vivo heterologous gene expression from alphavirus- 

10 based vectors is affected by several mechanisms, including inhibition of host cell- 
directed macromolecular synthesis. However, prior to the present invention, there had 
been no obvious method to select for or identify coding or non-coding vector viral- 
specific sequence changes that result in a non-cytopathic phenotype. Therefore, within 
one aspect of the present invention methods are provided for isolating and/or 

15 constructing alphavirus-derived gene delivery vehicles with reduced or no inhibition of 
host cell directed macromolecular synthesis. 

1. Biological Selection of Virus Variants 

a. Selection from Virus Stocks Containing DI Particles 

20 One approach for isolating non-cytopathic alphavirus variants exploits 

the presence of defective interfering (DI) panicles in wild-type virus preparations. 
Briefly, although certain RNA viruses, for example rhabdoviruses (e,g,, vesicular 
stomatitis virus) and alphaviruses (e.g.. Sindbis virus and Semliki Forest virus), are 
highly c>topathic, they can nevenheless establish long-term persistent infection in 

25 cultured cells in the presence of DI particles. DI panicles, by definition, are derived 
from wild-type virus and contain one or more mutations {e,g., deletions, 
rearrangements, nucleotide substitutions, etc) from the wild-type genome which 
prevent autonomous replication by the DI. In general, the genome of DI particles is 
smaller and of a lower complexity compared to wild-type virus, and is deleted of 

30 protein-encoding regions while maintaining regions required in cis for replication. Such 
cis sequences often are duplicated and/or rearranged. In the case of cenain alphaviruses 
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{e.g., Sindbis virus), the sequence and organization of DI RNA genomes have been 
analyzed and found to contain a minimum of 50 nt from the extreme 3'-end of the wild- 
type virus genome, and at their 5'-ends, either a wild-type sequence or a cellular tRNA 
{e.g., tRNA-^'P) sequence, in addition to the viral sequence. In all cases, the propagation 
5 and maintenance of the mutated DI genomes requires the co-existence of parental helper 
virus in the infected cell. However, as a result of their genetic structure, DI genome 
replication is vastly superior and comparatively abundant to its wild-type counterpart. 
This characteristic results in interference of wild-type genome replication, the absence 
or low level production of infectious virus, and the establishment of long-tenn 

1 0 persistent infection of cells. 

Therefore, as described below in Examples 1 and 2, the ability to 
establish long-term persistent infection in permissive cells (e.g., mammalian cells, 
including ceils of human origin) by infecting with a mixed alphavirus stock containing a 
population of DI particles provides a mechanism to isolate, over time, fully intact virus 

15 variants that are able to establish persistent infection, even in the absence of DI 
particles. Such infectious virus variants can be isolated from long-term persistently 
infected cultures by multiple rounds of plaque purification and have been found to 
initiate productive, persistent, and non-cytopathic infection in the host cells. 
Furthermore, the level of variant virus produced from such a productive, persistent, and 

20 non-cytopathic infection is indistinguishable from wild-type virus infection. This 
observation is in distinct contrast to the previous requirement for establishment of 
persistent infections with virus stocks containing a mixture of DI particles. 



b. Sgl gCtion from Virus Stocks Not Containing DI Particlef; 

25 In addition to selection from virus stocks that contain defective- 

interfering particles, virus variants suitable for use within the present invention may be 
obtained from purified virus stocks (without DI panicles) which are either subjected to 
random mutagenesis prior to infection of susceptible cultxired cells or allowed to 
generate non-specific mutations during RNA replication with the cultured cells. 

30 Briefly, the initial virus stock may be obtained as a natural isolate or biological variant 
derived therefrom, or may be generated by transfecting cultured ceils with an infectious 
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nucleic acid molecule comprising a genomic cDNA clone or in vitro transcribed RNA. 
If desired, the virus stock may then subjected to physical or chemical mutagenesis 
(although preferred, such mutagenesis is not required). In the case of chemical 
mutagenesis, preferred embodiments utilize a readily available mutagenic agent, for 
5 example nitrous acid, 5-azacytidine, N-methyl-N'-nitro-N-nitrosoguanidine, or 
ethylmethane sulfonate (Sigma, St. Louis. MO), prior to virus infection. Following 
random mutagenesis, specific selection procedures are applied to isolate virus variants 
possessing the desired phenotype, as described in more detail below in Example 2. 

10 2. Genetic Selection of Vir us Variants 

In a related approach, mutations may be obtained not using a virus stock, 
but rather, using cloned genomic cDNA of the virus that can be used subsequently to 
transcribe infectious viral RNA in vitro (for example, Sindbis virus (Rice et al., J, Virol, 
<5/:3809-3819, 1987; Dubensky ei al., 1 Virol. 7(?:508-519, 1996, SFV (Liljestrom et 

15 al., y. ViroL 65:4107-41 13. 1991, VEE (Davis et al., Virology ;5J:20-31, 1991), Ross 
River virus (Kuhn et a!.. Virology 752:430-441, 1991), poliovirus (Van Der Werf et al., 
Proc. NatL Acad, ScL USA 55:2330-2334, 1986)) or in vivo (Sindbis virus (Dubensky et 
al., ibid.), poliovirus (Racaniello and Baltimore. Science 27^:916-919, 1981)). Briefly, 
the infectious nucleic acid is introduced into susceptible cultured cells (eg., mammahan 

20 cells, including cells of human origin) either directly or following mutagenesis 
performed using one of the above-referenced methods. Alternatively, vector nucleic 
acid may be packaged into particles initially, and the particles used to deliver vector 
into the target cell population for selection. Subsequently, specific selection procedures 
to isolate virus variants possessing the desired phenotype are applied, and are described 

25 below. 

In certain embodiments, random mutagenesis may be performed initially 
by propagation of the plasmid containing viral cDNA in the XL 1 -Red strain of £. coli 
(Stratagene, San Diego, CA), which is deficient in three of the primary DNA repair 
pathways, resulting from mutS, mutD. and mutT mutations. However, other 
30 mutagenesis procedures including, but not limited to, linker-scanning mutagenesis 
(Haltiner et al.. Nucleic Acids Res. 75:1015, 1985; Barany, Proc. NatL Acad Sci. USA 
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52:4202, 1985). random oligonucleotide-directed mutagenesis (Kunkel et al.. Methods 
EnzymoL 155:166, 1987; Zoller and Smith, Methods EnzymoL 154:329, 1987; Hili 
etal., Methods EnzymoL J55:55S, 1987; Hermes et ai.. Gene 84:143, 1989) and PGR 
mutagenesis (Herliize and Koenen, Gene P/:143, 1990), can be readily substituted 
5 utilizing published protocols. The resulting mixed population of mutated cDNA clones 
is introduced into susceptible cultured cells directly, or after transcription in vitro. 
Enrichment for transfected cells which contain mutated virus of the desired phenotype 
is accomplished based on increased survival time over wild-type virus infected cells, as 
described below. 

10 

3. Genetic Selection of Variants [Jsin^ Vir us-Derived Vectors 

In another approach, mutations may be generated in any region a virus- 
derived expression vector, including the regulatory, untranslated regions, or protein- 
encoding gene regions. For example, within one aspect of the invention methods are 

15 provided for selecting viral variants with reduced or no inhibition of host-cell directed 
macromolecular synthesis, comprising the steps of: (a) introducing into a cell a 
eukaryotic layered vector initiation system. RNA vector replicon, or recombinant 
alphavirus particle which directs the expression of a immunogenic cell surface protein 
(suitable for detection of vector containing cells), or alternatively, a selectable marker 

20 (either a drug or non-drug maricer wherein non-vector containing cells are killed upon 
addition of, for example, a drug such as neomycin, hygromycin, phleomycin, gpt, 
puromycin, or histidinol); (b) incubation or culturing the cells under conditions and for 
a time sufficient to select vector containing cells which exhibit the desired phenotype; 
followed by (c) isolating cells which contain the vector of the desired phenotype and (d) 

25 analysis of the vector for the causal mutation. 

As noted above, the viral vectors of the present invention may be derived 
from a wide variety of viruses (e.g., Sindbis virus (Xiong et al.. Science 2^i:l 188-1 191, 
1989; Hahn et al., Proc, Natl. Acad. Sci. USA 59:2679-2683, 1992; Schlesinger. Trends 
Biotechnol. 77:18-22. 1993; Dubensky et al., ibitf), Semliki Forest virus (Liljestrom 

30 and Garoff Bio/Technology P: 1356- 1361. 1991), Venezuelan equine encephalitis virus 
(Davis et aL, J. Cell Biochem. Suppl. J9A:310, 1995), poliovirus (Choi et al., J. Virol. 
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55:2875-2883, 1991; Ansardi ei a!.. Cancer Res, 5^:6359-6364, 1994; and Andino et 
aL, Science 255:1448-1451, 1994). Representative examples of the above-described 
methods are discussed in more detail below within Example 2. 

4. Use of Viral Variant.^ 

As discussed in more detail herein, viral variants which have been 
selected or generated utilizing the methods provided herein may be utilized to construct 
a wide variety of recombinant gene delivery vehicles which exhibit the desired 
phenoiype. Within cenain embodiments, the gene delivery vehicle contains a mutation 
within the Leu-Xaa-Pro-Gly-Gly ("LXPGG") motif of the nsP2 gene. Briefly, for 
alphaviruses wherein published sequence of the nsP2 gene is available, a highly 
conserved amino acid motif -Leu-Xaa-Pro-Gly-Gly- ("LXPGG") is observed. As 
predicted by standard protein modelling algorithms (Chou and Fasman, Adv. Enzym, 
47:45-148, 1978), the residues of this motif possibly comprise a (3 turn in the structure. 
15 Proline 726 of nsP2 in Sindbis virus is the central residue of this motif. The 
corresponding motif in other alphaviruses is illustrated in the table below. 

Alphavirus Strain* Pro-Gly-Gly Region nsP2 a.a/s ^p-G-g^ 

1 . Smdbis virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728 

2. S.A.AR86 virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728 

3. Ockelbo virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728 

4. Aura virus Leu-Lys-Pro-Gly-Gly-Thr a.a. = 725-727 

5. Semliki Forest virus Leu-Lys-Pro-Gly-GIy-Ile a.a. = 71 8-720 

6. VEE virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 713-715 

7. Ross River virus Leu-Xaa-Pro-Gly-Gly-Ser a.a. = 717-719 

^Alphavirus strains with published nsP2 sequences: (I) Strauss et al., Virology 133:92- 
20 1 10, 1984; (2) Simpson et al., Virology 222:464-469 1996; (3) Shirako et al., Virology 
182:752-764, 1991; (4) Rumenapf et al.. Virology 208:621-633, 1995; (5) Takkinen, 
Nucleic Acids Res. /^:5667-5682, 1986; (6) Kinney et al.. Virology 170:19-30, 1989; 
and (7) Faragher et al, Virology 163:509-526, 1988. 

-5 Hence, within various embodiments of the present invention, gene 

delivery vehicles are provided wherein the gene delivery vehicle contains an nsP2 gene 
with a mutation in the LXPGG motiff. Within one embodiment, the Leu codon is 
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mutated to another amino acid selected from the group consisting of Ala, Arg, Asn, 
Asp. Asx, Cys, Gin, Glu, Glx, Gly, His, lie, Lys, Met, Phe, Pro, Sen Thr, Trp. Tyr, Val 
or another rare or non-protein amino acid (see, e.g., Lehninger, Biochemistry. Worth 
Publishers, Inc., N.Y. N.Y., 1975). Within another embodiment, the Pro codon is 
5 mutated to another amino acid selected from the group consisting of Ala, Arg, Asn, 
Asp, Asx, Cys, Gin, Glu, Glx, Gly, His, lie. Leu. Lys. Met, Phe, Ser, Thr, Trp, Tyr, Val, 
or another rare or non-protein amino acid. Within other embodiments, either or both of 
the Gly codons may be mutated to another amino acid selected from the group 
consisting of Ala, Arg. Asn. Asp, Asx, Cys, Gin, Glu, Glx, His, He, Leu, Lys, Met, Phe. 

1 0 Pro, Ser, Thr. Trp, Tyn VaL or another rare or non-protein amino acid. Within yet other 
embodiments, the Xaa amino acid, or amino acids between 1 and 3 residues upstream or 
downstream of the LXPGG motiff may be mutated fi^m the wild-type amino acid in 
order to effect the phenotype of the resultant gene delivery vehicle. Within certain 
embodiments of the invention, the LXPGG motiff may be mutated to contain more than 

1 5 one codon alteration, or alternatively, one or more codon insertions or deletions. 

C. Alphavirus Vector Constructs and Alnhavims RNA Vect or RepHcons 

As noted above, the present invention provides both DNA and RNA 
constructs which are derived from alphaviruses. Briefly, within one aspect of the 

20 present invention alphavirus vector constructs are provided, comprising a 5' promoter 
which initiates synthesis of viral RNA //; vitro from cDNA, a 5' sequence which 
initiates transcription of alphavirus RNA. a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins including an isolated nucleic acid 
molecule as described above, an alphavirus RNA polymerase recognition sequence and 

25 a 3' polyadenylate tract. Within other aspects, RNA vector replicons are provided, 
comprising a 5' sequence which initiates transcription of alphavirus RNA. a nucleic acid 
molecule which operably encodes all four alphaviral nonstructural proteins, including 
the isolated nucleic acid molecules discussed above, an alphavirus RNA polymerase 
recognition sequence and a 3' polyadenylate tract. Within preferred embodiments of the 

30 above, the above constructs further comprise a viral junction region. Each of these 
aspects are discussed in more detail below. 
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1. 5' Promoters which initiate synthesis of viral RNA 

As noted above, within certain embodiments of the invention, alphavirus 
vector constructs are provided which contain 5' promoters which (e.g., DNA dependent 
5 RNA polymerase promoters) initiate synthesis of viral RNA from cDNA by a process 
of in vitro transcripdon. Within preferred embodiments such promoters include, for 
example, the bacteriophage T7, T3, and SP6 RNA polymerase promoters. Similarly, 
eukarytoic layered vector initiation systems are provided (e.g., DNA dependent RNA 
polymerase promoters) which contain 5' promoters which initiate synthesis of viral 

10 RNA from cDNA /// vivo {i.e., within a ceil). Within certain embodiments, such RNA 
polymerase promoters (for either alphavirus vector constructs or eukaryotic layered 
vector initiation systems) may be derived from both prokaryotic and eukaryotic 
organisms, and include, for example, the bacterial P-galactosidase and trpE promoters, 
and the eukaryotic viral simian virus 40 (SV40) (e.g., early or late), cytomegalovirus 

15 (CMV) (e.g., immediate early), Moloney murine leukemia virus (MoMLV) or Rous 
sarcoma virus (RSV) LTR, and herpes simplex virus (HSV) (thymidine kinase) 
promoters. 

2. Sequences Which Initiate Transcription 

20 As noted above, within preferred embodiments the alphavirus vector 

constructs and RNA vector replicons of the present invention contain a 5' sequence 
which is capable of initiating transcription of an alphavirus RNA (also referred to as 5'- 
end CSE, or 5* cis replication sequence). Representative examples of such sequences 
include nucleotides 1-60, and to a lesser extent nucleotides through bases 150-210, of 

25 the wild-type Sindbis virus, nucleotides 10-75 for tRNA^" (aspartic acid, Schlesinger 
etal., U.S. Patent No. 5,091,309), and 5* sequences from other alphaviruses which 
initiate nranscription. It is the complement of these sequences, which corresponds to the 
3* end of the of the minus-strand genomic copy, which are bound by the nsP repUcase 
complex, and possibly additional host cell factors, from which transcription of the 

30 positive-strand genomic RNA is initiated. 
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3. AlDhavirus Nonstructural Proteins 

The aiphavirus vector constructs and RNA vector replicons provided 
herein also require sequences encoding all four alphaviral nonstructural proteins, 
5 including a sequence v^hich provides the desired phenotype discussed above. Briefly, a 
wide variety of sequences which encode aiphavirus nonstructural proteins, in addition to 
those explicitly provided herein, may be utilized in the present invention, and are 
therefore deemed to fall within the scope of the phrase "aiphavirus nonstructural 
proteins." For example, due to the degeneracy of the genetic code, more than one codon 
10 may code for a given amino acid. Therefore, a wide variety of nucleic acid sequences 
which encode aiphavirus nonstructural proteins may be generated. Furthermore, amino 
acid substitutions, additions, or deletions at any of numerous positions may still provide 
functional or biologically active nonstructural proteins. Within the context of the 
present invention, aiphavirus nonsuuctural proteins are deemed to be biologically active 
15 if they promote self-replication of the vector construct, i.e., replication of viral nucleic 
acids and not necessarily the production of infectious virus, and may be readily 
determined by metabolic labeling or RNase protection assays performed over a time 
course. Methods for making such derivatives are readily accomplished by one of 
ordinary skill in the art given the disclosure provided herein. 
20 Alphaviruses express four nonstructural proteins, designated nspl, nsp2, 

nsp3, and nsp4. Vectors of the present invention derived from alphaviruses should 
contain sequences encoding the four nonstructural proteins. In wild-type Sindbis virus, 
nonstructural proteins 1-3 are encoded by nucleotides 60 to 5747, while nsP4 is encoded 
by nucleotides 5769 to 7598 {see Figure 1). The nonstructural proteins are translated 
25 from the genomic positive strand RNA as one of two large polyproteins, known as P123 
or PI 234, respectively, depending upon (i) whether there is an opal tennination codon 
between the coding regions of nsP3 and nsP4 and (ii) if there is such an opal codon 
present, whether there is translation termination of the nascent polypeptide at that point 
or readthrough and hence production of P1234. The opal tennination codon is present 
30 at the nsP3/nsP4 junction of the alphaviruses SIN (strain AR339 and the SIN-1 strain 
described herein), AURA, WEE, EEE, VEE, and RR, and thus the P123 and P1234 
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Species are expressed in cells infected with these viruses. In contrast, no termination 
codon is present at the nsP3/nsP4 junction of the alphaviruses SIN (strain AR86, SF, 
and ONN), and thus only the PI 234 species is expressed in cells infected with these 
viruses. Both the polyprotein and processed monomeric forms of the nonstmctural 
5 proteins function in the replication of the alphavirus RNA genome. Experiments 
examining growth characteristics of alphavirus noastructural protein cleavage mutants 
have indicated that the polyproteins are involved in the synthesis of the genomic 
negative stranded RNA, while the individual monomeric proteins catalyze the synthesis 
of the genomic and subgenomic positive stranded RNA species (Shirako and Strauss, J, 
0 Virol 55:1874-1885. 1994). Translational readthrough generally occurs about 10%- 
20% of the time in cells infected with wild type Sindbis virus containing the opal 
termination codon at the nsP3/nsP4 junction. Processing of P123 and P1234 is by a 
proteinase activity encoded by the one of the nonsmictural proteins, and is discussed 
further below. The order of processing, whether in cis or in trans, depends on various 
5 factors, including the stage of infection. For example, Sindbis virus and SFV produce 
PI 23 and nsp4 early in infection, and PI 2 and P34 later in infection. Further processing 
then releases the individual nonstructural proteins. Each nonstructural protein has 
several functions, some of which are described below. 

a. nsPl 

Nonstructural protein 1 is required for the initiation of (or continuation 
oO minus-strand RNA synthesis. It also plays a role in capping the 5' terminus of 
genomic and subgenomic alphavirus RNAs during transcription, as nsPl possesses both 
methyltransferase (Mi and Stellar, F/>. 184:423-421, 1991) and guanyltransferase 
activity (Strauss and Strauss, Microbiol. Rev, 5<?(3):49 1-562, 1994). NsPl also 
modulates the proteinase activity of nsP2, as polyproteins containing nsPl inefficiently 
cleave between nsP2 and nsP3 (de Groot et aL, EMBOJ. P:2631-2638, 1990), 

b. nsE2 

Nonstructural protein 2 is a multifunctional protein, involved in the 
replication of the viral RNA and processing of the nonstructural polyprotein. The N- 
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terminal domain of the protein (spanning about the first 460 amino acids) is believed to 
be a helicase which is active in duplex unwinding during RNA replication and 
transcription. Synthesis of 26S subgenomic mRNA, v^hich, in vectors according to the 
present invention, encodes the gene(s) of interest, requires ftmctional nsP2. The C- 
5 terminal domain of nsP2, between amino acid residues 460-807 of Sindbis virus, 
proteolytically cleaves in trans and in cis the nonstructural polyprotein between the 
nsPl/nsP2, nsP2/nsP3, and nsP3/nsP4 junctions. Alignment of the primary sequences 
of the alphavirus nsP2 C-tenninal domains suggests that nsP2 is a papain-Iike 
proteinase CHardy and Strauss, J. Virol. 55:4653-4664, 1988). 
10 Other observed characteristics of nsP2 have not, as yet, been assigned a 

function directly related to the propagation of alphaviruses. For example, it has been 
shown that nsP2 is closely associated with ribosomes in SFV-infecied cells, and can be 
cross-linked to rRNA by UV irradiation (Ranki et al., FEBS Lett. 108:299-302, 1979). 
Further, 50% of nsP2 is localized in the nuclear matrix, particularly in the area of the 
15 nucleoli of SFV-infected BHK cells (Peranen et al., J. ViroL <5</: 1888-1896. 1990). 
Localization of nsP2 to the nuclei presumably proceeds by active transport, as it 
exceeds the size of small proteins and metabolites (about 20-60 kD), which can enter 
the nucleus by diffusion through nuclear core complexes (Paine et al., Nature 254:\09- 
1 14, 1975). Putative NLS sequences have been identified in the alphaviruses SFV, SIN, 
20 RR, ONN, OCK, and VEE (Rikkonen el al., Vir 189:462-473. 1992). 

c. nsE2 

Nonstructural protein nsP3 contains two distinct domains, although their 
precise roles in viral replication are not well understood. The N-terminai domain ranges 

25 in length from 322 to 329 residues in different alphaviruses and exhibits a minimum of 
51% amino acid sequence identity among any two alphaviruses. The C-terminai 
domain, however, is not conserved among known alphaviruses in length or in sequence, 
and multiple changes are tolerated (Li et al., Virology, ! 79:416-421). The protein is 
found associated with replication complexes in a heavily phosphorylated state. In 

30 alphaviruses whose genomes contain an opal termination codon between the nsP3/nsP4 
junction, two different proteins are produced depending upon whether or not there is 
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readthrough of the opal termination signal. Readthrough results in an nsP3 protein 
which contains 7 additional carboxy terminal amino acids after cleavage of the 
polyprotein. It is clear that nsP3 is required in some capacity for viral RNA synthesis, 
as particular mutants of this protein are RNA negative, and the P123 polyprotein is 
5 required for minus-strand RNA synthesis. 

d. nsP4 

NsP4 is the virus-encoded RNA polymerase and contains the GDD motif 
characteristic of such enzymes (Kamer and Argos, Nucleic Acids Res, J 2:7269-7222, 
10 1984). Thus. nsP4 is indispensable for alphavirus RNA replication. The concenn-aiion 
of nsP4 is tightly regulated in infected cells. In most alphavinises, translation of nsP4 
requires readthrough of an opal codon between the nsP3 and nsP4 coding regions, 
resulting in lower intracellular levels as compared to other nonstructural proteins. 
Additionally, the bulk of nsP4 is metabolically unstable, through degradation by the N- 

15 end rule pathway (Gonda et al., J. BioL Chem, 25-/: 16700- 1 67 1 2, 1989). However, 
some nsP4 is stable, due to its association with replication complexes which conceal 
degradation signals. Thus, stabilization of the enzyme by altering the amino tenninal 
residue may prove useful in promoting more long term expression of proteins encoded 
by the vectors described herein. Stabilizing amino terminal residues include 

20 methionine, alanine, and tyrosine. 

4. Viral Junction Regions 

The alphavirus viral junction region normally controls transcription 
initiation of the subgenomic mRNA; thus, this element is also referred to as the 

25 subgenomic mRNA promoter. In the case of Sindbis virus, the normal viral junction 
region typically begins at approximately nucleotide number 7579 and continues through 
at least nucleotide number 7612 (and possibly beyond). At a minimum, nucleotides 
7579 to 7602 (5'- ATC TCT ACQ GTG GTC CTA AAT AGT - SEQ. ID NO. 1) are 
believed necessary for transcription of the subgenomic fragment. This region 

30 (nucleotides 7579 to 7602) is hereinafter referred to as the "minimal junction region 
core." 
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Within certain aspects of the invention, the viral junction region is 
inactivated in order to prevent synthesis of the subgenomic fragment. As utihzed 
within the context of the present invention, "inactivated" means that the species 
corresponding to subgenomic mRNA is not observed in autoradiograms from 
5 denaturing gels of eiectrophoresed RNA purified from cells containing these vectors 
and treated with I \xg/m\ dactinomycin and labeled with [^H]-uridine, as described 
(Frolov and Schlesinger, y. Viroi. 55:1721-1727, 1994). 

Within one embodiment of the invention, gene delivery vehicles may be 
constructed by the placement of signals promoting either ribosome readthrough or 
10 internal ribosome entry immediately downstream of the disabled junction region 
promoter. In this vector configuration, synthesis of subgenomic message cannot occur; 
however, the heterologous proteins are expressed from genomic length mRNA by either 
ribosomal readthrough (scanning) or internal ribosome entry. 

In certain applications of the gene delivery vehicles described herein, the 
15 expression of more than one heterologous gene is desired. For example, in order to 
treat metabolic disorders such as Gaucher's syndrome, multiple administrations of gene 
delivery vehicles or particles may be required, since duration of the therapeutic 
palliative may be limited. Therefore, within certain embodiments of the invention it 
may be desirable to co-express in a target cell the Adenovirus 2 E3 gene, along with a 
20 therapeutic palliative, such as the glucocerebrosidase gene. In wild-type virus, the 
structural protein (sP) polycistronic message is translated into a single polyprotein 
which is processed subsequently into individual proteins in part by the sP capsid 
proteinase. Thus, expression of multiple heterologous genes from a polycistronic 
message requires a mechanism different from the wild-type virus, since the protease 
25 activity of the capsid sP, or the peptides recognized for cleavage, are not present in the 
replacement region of the alphavirus vectors. Therefore, within further embodiments of 
the invention, functional elements which pemit translation of multiple independent 
heterologous sequences, including ribosomal readthrough, cap-independent translation, 
internal ribosome entry, or minimal junction region core sequences, can be utilized. 

30 
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5. Alohavirus RNA polymerase recognition sequence, a nd polv^A^ 

As noted above, alphavirus vector constructs or RNA vector replicons of 
the present invention also should include an alphavirus RNA polymerase recognition 
sequence (also termed "alphavirus replicase recognition sequence", "3* terminal CSE", 
5 or "3' CIS replication sequence"). Briefly, the alphavirus RNA polymerase recognition 
sequence, which is located at the 3' end region of positive stranded genomic RNA, 
provides a recognition site at which the virus begins replication by synthesis of the 
negative strand. A wide variety of sequences may be utilized as an alphavirus RNA 
polymerase recognition sequence. For example, within one embodiment, Sindbis virus 
1 0 vector constructs in which the polymerase recognition is truncated to the smallest region 
that can still function as a recognition sequence {e.g,, nucleotides 1 1,684 to 1 1,703) can 
be utilized. Within another embodiment of the invention, Sindbis virus vector 
constructs in which the entire nontranslated region downstream from the El sP gene to 
the 3' end of the viral genome including the polymerase recognition site {e.g., 
15 nucleotides 1 1,382 to 1 1,703), can be utilized. 

Within preferred embodiments of the invention, the alphavirus vector 
construct or RNA vector replicon may additionally contain a poIy(A) tract, which 
increases dramatically the observed level of heterologous gene expression in cells 
transfected with alphavirus-derived vectors {see e.g., Dubensky et al, supra). Briefly, 
20 the poly(A) tract may be of any size which is sufficient to promote stability in the 
cytoplasm, thereby increasing the efficiency of initiating the viral life cycle. Within 
various embodiments of the invention, the poly(A) sequence comprises at least 10 
adenosine nucleotides, and most preferably, at least 25 adenosine nucleotides. Within 
one embodiment, the poly(A) sequence is attached directly to Sindbis virus nucleotide 
25 11,703. 

D. Eukarvotic Layered Vector Initiation Svstetns 

Due to the size of a full-length genomic alphavirus cDNA clone, in vitro 
transcription of full-length, capped RNA molecules is rather inefficient. This results in 
30 a lowered transfection efficiency, in terms of infectious centers of virus (as measured by 
plaque formation), relative to the amount of in vitro transcribed RNA transfected. Such 
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inefficiency is also relevant to the in vitro transcription of alphavirus expression 
vectors. Testing of candidate cDNA clones and other alphavirus cDNA expression 
vectors for their ability to initiate an infectious cycle or to direct the expression of a 
heterologous sequence can thus be greatly facilitated if a cDNA clone is transfected into 
5 susceptible cells as a DNA molecule, which then directs the synthesis of viral RNA 
in vivo. 

Therefore, within one aspect of the present invention DNA-based vectors 
(referred to as "Eukaryotic Layered Vector Initiation Systems") are provided that are 
capable of directing the synthesis of viral RNA (genomic or vector) in vivo. Generally, 
10 eukaryotic layered vector initiation systems comprise a 5' promoter that is capable of 
initiating /// vivo (i.e.. within a ceil) the 5* synthesis of RNA from cDNA. a construct 
that is capable of directing its own replication in a cell, the construct also being capable 
of expressing a heterologous nucleic acid sequence, and a 3' sequence that controls 
transcription termination (e.g., a polyadenylate tract). Such eukaryotic layered vector 

15 initiation systems provide a two-stage or "layered" mechanism that controls expression 
of heterologous nucleotide sequences. Briefly, the first layer initiates transcription of 
the second layer and comprises a promoter that is capable of initiating in vivo the 5' to 3* 
synthesis of RNA from cDNA (e.g., a 5' eukaryotic promoter), and may further 
comprise other elements, including a 3' transcription termination/ poly adenyiation site, 

20 one or more splice sites, as well as other RNA nuclear export elements, including, for 
example, the hepatitis B virus posttranscripiional regulatory element (PRE) (Huang et 
al., Mol. Cell. Biol. J 3:7476, 1993; Huang et ah, J. Virol. 68:3193, 1994; Huang et al, 
Mol. Cell. Biol, 75:3864-3869, 1995), the Mason-Pfizer monkey virus constitutive 
transport element (CTE) (Bray et al., Proc. Natl. Acad. Sci. USA P7: 1256-1 260, 1994), 

25 the HIV Rev responsive element (Malim et al. Nature 338:254-257, 1989; Cullen et al., 
Trends Biochem. Sci. 76:346. 1991), and other similar elements, if desired. 
Representative promoters suitable for use within the present invention include both 
eukaryotic (e.g., pol I, II, or III) and prokaryotic promoters, and inducible or non- 
inducible (i.e.. constitutive) promoters, such as, for example, Moloney murine leukemia 

30 virus promoters, metallothionein promoters, the glucoconicoid promoter, Drosophila 
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actin 5C distal promoter, SV40 promoter, heat shock protein 65 promoter, heat shock 
protein 70 promoter, immunoglobulin promoters, mouse polyoma virus promoter (Py), 
Rous sarcoma Virus (RSV), herpes simplex virus (HSV) promoter, BK virus and JC 
virus promoters, mouse mammary tumor \*irus (MMTV) promoter, alphavirus junction 
5 region, CMV promoter, Adenovirus El or VAIRNA promoters, rRNA promoters, 
tRNA methionine promoter, CaMV 35S promoter, nopal ine synthetase promoter, 
tetracycline responsive promoter, and the lac promoter. 

Within yet other embodiments of the invention, inducible promoters may 
be utilized. For example, within one embodiment inducible promoters are provided 
10 which initiate the synthesis of RNA from DNA. comprising a core RNA polymerase 
promoter sequence, and an operably linked nucleic acid sequence that directs the DNA 
binding of a transcriptional activator protein, and an operably linked nucleic acid 
sequence that directs the DNA binding of a transcriptional repressor protein. Within a 
further embodiment, the nucleic acid sequence that directs the DNA binding of a 
15 transcriptional activator protein is a sequence that binds a tetracycline repressorATie 
transactivator fusion protein. Within yet another embodiment, the nucleic acid 
sequence that directs the DNA binding of a transcription repressor protein is a sequence 
that binds a lactose repressor / Kruppel domain fusion protein. 

The second layer comprises an autocatalytic vector construct which is 
20 capable of expressing one or more heterologous nucleotide sequences and of directing 
its own replication in a cell, either autonomously or in response to one or more factors 
{e.g. is inducible). The second layer may be of viral or non-viral origin. Within one 
embodiment of the invention, the second layer construct may be an alphavirus vector 
construct as described above. 
25 A wide variety of vector systems may be utilized as the first layer of the 

eukaryotic layered vector initiation system, including for example, viral vector 
constructs developed from DNA viruses such as those classified in the Poxviridae, 
including for example canary pox virus or vaccinia virus {e.g„ Fisher-Hoch et al., FNAS 
86:3\7'32\, 1989; Flexner et al., Ann, NX Acad, ScL 5(59:86-103, 1989; Flexner et al., 
30 Vaccine 5:17-21, 1990; U.S. Patent Nos. 4,603,112, 4,769,330 and 5,017,487; WO 
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89/01973); Papoviridae such as BKV, JCV or SV40 (e.g.. Mulligan et ah, Nature 
277:108-114, 1979); Adenoviridae, such as adenovirus (e.g., Berkner, Biotechniques 
5:616-627. 1988; Rosenfeld ei al., Science 252:431-434, 1991); Parvoviridae, such as 
adeno-associated virus (e.g., Samulski eial., y. Vir. (5J:3822-3828/ 1989; Mendelson 
5 ei ah, ViroL 7(56:154-165, 1988: PA 7/222.684); Herpesviridae, such as Herpes Simplex 
Virus (e.g.. Kit, Adv, Exp. Med. Bioi 2/5:219-236, 1989); and Hepadnaviridae (e.g, 
HBV), as well as cenain RNA viruses which replicate through a DNA intermediate, 
such as the Retroviridae {see. e.g., U.S. Patent No, 4J11M1, GB 2.200,651, EP 
0.345,242 and WO91/02805; Retroviridae include leukemia in viruses such as MoMLV 
10 and immunodeficiency viruses such as HIV, e.g., Poznansky, 7. ViroL (55:532-536, 
1991). 

Similarly, a wide variety of vector systems may be utilized as second 
layer of the eukaryotic layered vector initiation system, including for example, vector 
systems derived from viruses of the following families: Picomaviridae (e.g., poliovirus, 

15 rhino virus, coxsackieviruses), Caliciviridae, Togaviridae (e.g., alphavirus, rubella), 
Flaviviridae (e.g., yellow fever. HCV), Coronaviridae (e.g., HCV, TGEV, IBV, MHV, 
BCV), Bunyaviridae, Arenaviridae, Retroviridae (e.g., RSV, MoMLV, HIV, HTLV), 
hepatitis delta virus and Astrovirus. In addition, non-mammalian RNA viruses (as well 
as components derived therefrom) may also be utilized, including for example, bacterial 

20 and bacteriophage replicases, as well as components derived from plant viruses, such as 
potexviruses (e.g., PVX), carlaviruses (e.g., PVM), tobraviruses (e.g., TRV, PEBV, 
PRV), Tobamo viruses (e.g., TMV, ToMV, PPMV), luteo viruses (e.g., PLRV), 
potyviruses (e.g., TEV, PPV, PVY), tombusviruses (e.g., CyRSV), nepoviruses (e.g., 
GFLV), bromoviruses (e.g., BMV), and topamoviruses. 

25 The replication competency of the autocatalytic vector construct, 

contained within the second layer of the eukaryotic vector initiation system, may be 
measured by a variety of assays known to one of skill in the art including, for example, 
ribonuclease protection assays which measure increases of both positive-sense and 
negative-sense RNA in transfected cells over time, in the presence of an inhibitor of 

30 cellular RNA synthesis, such as dactinomycin, and also assays which measure the 
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synthesis of a subgenomic RNA or expression of a heterologous reponer gene in 
iransfected cells. 

Within particularly preferred embodiments of the invention, eukaryoiic 
layered vector initiation systems are provided that comprise a 5' promoter which is 
5 capable of initiating in vivo the synthesis of alphavirus RNA from cDNA (i.e., a DNA 
promoter of RNA synthesis), followed by a 5' sequence which is capable of initiating 
transcription of an alphavirus RNA. a nucleic acid sequence which operably encodes all 
four alphaviral nonstructural proteins (including a nucleic acid molecule as described 
above which, when operably incorporated into a recombinant alphavirus particle, results 
10 in the desired phenotype), an alphavirus RNA polymerase recognition sequence, and a 
3' sequence which controls transcription termination/polyadenylation. In addition, a 
viral junction region which is operably linked to a heterologous sequence to be 
j expressed may be included. Within various embodiments, the viral junction region may 

be modified, such that viral transcription of the subgenomic fragment is increased, 
1 5 reduced, or inactivated. Within other embodiments, a second viral junction region may 
be inserted following the first inactivated viral junction region, the second viral junction 
region being either active or modified such that viral transcription of the subgenomic 
\ fragment is increased or reduced. 

Following in vivo transcription of the eukaryotic layered vector initiation 
20 system, the resulting alphavirus RNA vector replicon molecule is comprised of a 5' 
sequence which is capable of initiating transcription of an alphavirus RNA, a nucleotide 
sequence encoding biologically active alphavirus nonstructural proteins, a viral junction 
region, a heterologous nucleotide sequence, an alphavirus RNA polymerase recognition 
sequence, and a polyadenylate sequence, 
i 25 Various aspects of the alphavirus cDNA vector constructs have been 

discussed above, including the 5' sequence which is capable of initiating transcription of 
an alphavirus, the nucleotide sequence encoding alphavirus nonstructural proteins, the 
viral junction region, including junction regions which have been inactivated such that 
viral transcription of the subgenomic fragment is prevented, and the alphavirus RNA 
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polymerase recognition sequence. In addition, modified jimction regions and tandem 
junction regions have also been discussed above. 

In another embodiment of the invention, the eukaryotic layered vector 
initiation system is derived from an alphavirus vector, such as a Sindbis vector 
5 construct, which has been adapted to repHcaie in one or more cell lines from a particular 
eukaryotic species, especially a mammalian species, such as humans. For instance, if 
the gene encoding the recombinant protein to be expressed is of human origin and the 
protein is intended for human therapeutic use, production in a suitable human cell line 
may be preferred in order that the protein be post-translationally modified as would be 
10 expected to occur in humans. This approach may be useful in further enhancing 
recombinant protein production (as discussed in more detail below). Given the overall 
plasticity of an alphaviral genome due to the infidelity of the viral replicase, variant 
strains with an enhanced ability to establish high titer productive infection in selected 
eukaryotic cells (eg., human, murine, canine, feline, etc.) can be isolated. Additionally, 
15 variant alphaviral strains having an enhanced ability to establish high titer persistent 
infection in eukaryotic cells may also be isolated using this approach. Alphavirus 
expression vectors can then be constructed from cDNA clones of these variant strains 
according to procedures provided herein. 

Within another embodiment of the invention, the eukaryotic layered 
20 vector initiation system comprises a promoter for initial alphaviral vector transcription 
that is transcriptionally active only in a differentiated cell type. Briefly, it is well 
established that alphaviral infection of mammalian cells in culture, such as those 
derived from hamster (e.g., baby hamster kidney cells) or chicken (e.g,, chicken embryo 
fibroblasts), typically results in cytoxicity. Thus, to produce a stably transformed or 
25 transfected host cell line, the eukaryotic layered vector initiation system may be 
introduced into a host cell wherein the promoter which enables the initial vector 
amplification is a u-anscriptionally inactive, but inducible, promoter. In a particularly 
preferred embodiment, such a promoter is differentiation state dependent. In this 
configuration, activation of the promoter and subsequent activation of the alphavirus 
30 DNA vector coincides with induction of cell differentiation. Upon growth to a certain 
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cell number of such a stably transformed or transfected host cell line, the appropriate 
differentiation stimulus is provided, thereby initiating transcription of the vector 
construct and amplified expression of the desired gene and encoded polypeptide(s). 
Many such differentiation state-dependent promoters are known to those in the art, as 
5 are cell lines which can be induced to differentiate by application of a specific stimulus. 
Representative examples include cell lines F9 and PI 9, HL60, and Freund 
erythroleukemic cell lines and HEL, which are activated by retinoic acid, horse serum, 
and DMSO, respectively. 

In a preferred embodiment, such promoters can be regulated by two 
10 separate components. For example, as described in Example 7. binding sites for both a 
transcriptional activator and a transcriptional repressor are positioned adjacent to a 
"core" promoter, in an operably-dependent manner. In this configuration, the 
uninduced state is maintained by blocking the ability of the transcriptional activator to 
find its recognition site, while allowing the transcriptional repressor to be constitutively 
15 expressed and bound to its recognition site. Induction is permitted by blocking the 
transcriptional repressor and removing the transactivator block. For example, a 
tetracycline-rcsponsive promoter system (Gossen and Bujard, Proc. NatL Acad. ScL 
5P:5547-5551, 1992) may be utilized for inducible transcription of an alphavirus vector 
RNA. In this system, the expression of a tetracycline repressor and HSV-VP16 
20 transactivator domain, as a "fiision" protein (rTA), stimulates in vivo transcription of the 
alphavirus vector RNA by binding specifically to a tetracycline operator sequence 
(tetO) located immediately adjacent to a minimal "core" promoter (for example, CMV). 
The binding and transactivation event is reversibly blocked by the presence of 
tetracycline, and may be "turned on" by removing tetracycline from the culture media. 
25 As uninduced basal levels of transcription will vary among different cell types, other 
different minimal core promoters (for example HSV-tk) may be linked to the 
tetracycline operator sequences, provided the transcription start site is known, to allow 
juxtaposition at or in the immediate proximity of alphavirus vector nucleotide 1. 

The rTA transactivator can be provided by an additional expression 
30 cassette also stably transformed into the same cell line; and in certain embodiments, the 
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rTA expression cassette may itself be autoregulatory. The use of an autoregulatory rTA 
expression cassette circumvents potential toxicity problems associated with constimtive 
high level expression of rTA by linking expression to transcriptional control by the 
same tetO-linked promoter to which rTA itself binds. This type of system creates a 
5 negative feedback cycle that ensures very little rTA is produced in the presence of 
tetracycline, but becomes highly active when the tetracycline is removed. Such an 
autoregulatory rTA expression cassette is provided in plasmid pTet-tTAk (Shockett 
et al., Proc. Natl Acad. Sci. USA 92:6522-6526, 1995). 

For transcriptional repression, the KRAB repression domain of a certain 
10 zinc finger proteins can also be utilized. Briefly, KRAB (Kriippel-associated box) 
domains are highly conserved sequences present in the amino-terminal regions of more 
than one-third of all Kriippel-class Cys^His, zinc finger proteins. The domains contain 
two predicted amphipathic a-helicies and have been shown to function as DNA 
binding-dependent RNA polymerase II transcriptional repressors (for example. Licht 
15 et a!.. Nature 346: 76-79, 1990). Like other transcription factors, the active repression 
domain and the DNA-binding domain are distinct and separable. Therefore, the 
repression domain can be linked as a fusion protein to any sequence specific DNA 
binding protein for targeting. Thus, the DNA binding protein component can be 
reversibly prevented fi-om binding in a regulatable fashion, thereby turning "off' the 
20 transcriptional silencing. For example, the KRAB domain from human Koxl (Thiesen, 
New Biol. 2:363-374, 1990) can be fused to the DNA-binding lactose (lac) repressor 
protein, forming a hybrid transcriptional silencer with reversible, sequence-specific 
binding to a lac operator sequence engineered immediately adjacent to the tet- 
responsive promoter. In this configuration, constitutive expression of the lac 
25 repressor/KRAB domain fiision (rKR) will result in binding to the lac operator sequence 
and the elimination of any "leaky" basal transcription fi*om the uninduced tet-responsive 
promoter. When vector expression is desired and tetracycline is removed from the 
system, IPTG is added to prevent rKR-mediated transcriptional silencing. 

In addition, KRAB domains fipom other zinc finger proteins, for example, 
30 ZNF133 (Tommerup et al., Hum. MoL Genet. 2:1571-1575, 1993), ZNF91 (Bellefioid 
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et al., EMBOJ. 72:1363-1374, 1993). ZNF2 (Rosati et al., Nucleic Acids Res. J9:566\- 
5667, 1991), as well as other transferable repressor domains, for example. Drosophila 
en or eve genes (Jaynes and O'Farrell, EMBO 7. ;^:1427.1433, 1991; Han and Manley, 
Genes Dev. 7:491-503, 1993), human zinc finger protein YYl (Shi et al., Cell 57:377- 
5 388, 1991). Wilms' tumor suppressor protein WTl (Madden et al., Science 253:1550- 
1553. 1991), thyroid homone receptor (Baniahmad et al., EMBO J. /y:1015-1023, 
1992), retinoic acid receptor (Baniahmad et al., ibid). Kid- 1 (Witzgall et ah, Proc. Natl. 
Acad. ScL USA P/:4514-4518, 1994), can likewise be readily used in the gene delivery 
vehicles provided herein. Furthermore, the lac repressor/lac operator component of this 
10 system may be substituted by any number of other regulatable systems derived from 
other sources, for example, the tryptophan and maltose operons, or GAL4. 

E. Recombinant Alphavirus Particles, and Generation and Ike of Trripyy 
iQ gavirus Panic l gs or Togaviruses Partic le s contai nin g non-homologous viral 
15 RNA 

Within another aspect of the present invention, the generation of 
recombinant alphavirus particles containing RNA alphavirus vectors, which are capable 
of infection of eukaryoiic target cells, are described. Briefly, such recombinant 
alphavirus particles generally comprise one or more alphavirus smictural proteins, a 

20 lipid envelope, and an RNA vector replicon as described herein. 

Methods for generating recombinant alphavirus vector particles may be 
readily accomplished by, for example, co-transfection of complementing vector and 
defective helper (DH) molecules derived from in vitro transcribed RNA, or. 
alternatively, plasmid DNA, or by coinfection with virus {see Xiong et al., Science 

25 245:1 188-1 191, 1989. Bredenbeek et al., /. Virol. 67:6439-6446, 1993, Dubensky et al. 
J. Virol 7^7:508-519. 1996 and Dubensky et al., W/0 95/07994). 

Within other aspects, methods for generating recombinant alphavirus 
vector particles from alphavirxis-derived packaging or producer cell lines are provided. 
Briefly, such PCL and their stably transfonned structural protein expression cassettes 

30 can be derived using methods described within W/0 95/07994, or using novel methods 
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described within this invention. For example, the production of recombinant alphavirus 
vector panicles by PCL can be accomplished following introduction of alphavirus- 
based vector molecules with desirable properties into the PCL (see Example 6), the 
vectors being derived from in vitro transcribed RNA, plasmid DNA, or previously 
5 obtained recombinant alphavirus particles. In yet a further example, production of 
recombinant panicles from alphavirus vector producer cell lines is described (see 
Example 7). 

Within other embodiments, methods are provided for producing high- 
titer stable logavirus capsid panicles that do not contain any genomic RNA (/.e, contain 
10 substantially no viral RNA) or RNA Vector Replicons. As utilized within the present 
invention, it should be understood that "substantially no" genomic or RNA Vector 
Replicon nucleic acids refers to ratios of greater than 10:1, and preferably greater than 
15:1 of methionine versus uridine incorporation into vims panicles (as compared 
to wild-type) (see, e.g.. Example 8 and Figure 38). For example, within one 
15 embodiment empty capsid panicles (preferably with the lipid bilayer and lycoprotein 
complement) are constructed from a selected pathogenic virus from the togavirus family 
(such as an Alphavirus or Rubivirus), and used as immunogens to establish protective 
immunity against infection with the wild-type togavirus. The empty viral panicles are a 
desirable immunogenic alternative, as they are unable to replicate and produce vims, yet 

20 are able to generate both cellular and humoral immune responses. Thus, utilizing the 
methods which are described in more detail in Example 8, empty capsid particles 
derived from togavimses (with or without a lipid bilayer and glycoprotein complement) 
can be generated from a wide variety of togaviruses, including, but not limited to, 
alphaviruses (such as Sindbis Vims (e.g., SIN-1 or wild-type Sindbis virus), 

25 Venezuelan Equine Encephalitis vims, Ross River vims, Eastern Equine Encephalitis 
virus. Western Equine Encephalitis vims, and mbivimses (e.g., mbella), 

In a second embodiment, sequences from heterologous vimses which 
encode peptides that bind to genomic viral RNA can be inserted into a defective helper 
(DH) expression cassette in the amino terminal region of the alphavirus capsid gene, 

30 which has been deleted of the sequences which encode the region of the protein that 
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binds to the homologous alphavirus genomic RNA. For example, BHK cells can be 
electroporated with an alphavirus replicon RNA. a DH RNA containing a sequence that 
encodes a heterologous virus genomic RNA binding peptide, and a replicon derived 
from the same heterologous virus. Thus, the alphavirus particles produced contain a 
5 genomic RNA from a heterologous virus, and possess the host-range tropism of the 
alphavirus. As one possible example, gag sequences encoding proteins required for 
retrovirus RNA binding are included in the DH expression cassette construct. In this 
configuration, the resulting alphavirus particles would contain retrovirus vector RNA. 

10 F. Heterologous Sequencer; 

As noted above, a wide variety of nucleotide sequences may be carried 
and expressed by the gene delivery vehicles of the present invention. Preferably, the 
nucleotide sequences should be of a size sufficient to allow production of viable virus. 
Within the context of the present invention, the production of any measurable titer by 
15 recombinant alphavirus particles, for example, by plaque assay, luciferase assay, or 
P-galactosidase assay of infectious virus on appropriate susceptible monolayers, or the 
expression of detectable levels of the heterologous gene product by RNA or DNA 
vectors, is considered to be "production of viable virus." This may be, at a minimum, 
an alphavirus vector consuoict which does not contain any additional heterologous 
20 sequence. However, within other embodiments, the vector construct may contain 
additional heterologous or foreign sequences. Within preferred embodiments, the 
heterologous sequence can comprise a heterologous sequence of at least about 100 
bases, 2 kb, 3.5 kb, 5 kb. 7 kb, or even a heterologous sequence of at least about 8 kb. 

As will be evident to one of ordinary skill in the art given the disclosure 
25 provided herein, the efficiency of recombinant alphavirus particle packaging and hence, 
viral titer, is to some degree dependent upon the size of the sequence to be packaged. 
Thus, in order to increase the efficiency of packaging and the production of viable virus, 
additional non-coding sequences may be added to the vector construct. Moreover, 
within certain embodiments of the invention it may be desired to increase or decrease 
30 viral titer. This increase or decrease may be accomplished by increasing or decreasing 
the size of the heterologous sequence, and hence the efficiency of packaging. 
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As briefly noted above, a wide variety of heterologous sequences may be 
included within the gene delivery vehicles described herein including, for example, 
sequences which encode palliatives such as lymphokines or cytokines, toxins, prodrug 
converting enzyme, antigens which stimulate an immune response, ribozymes, proteins 
5 for therapeutic application such as growth or regulatory factors, and proteins which 
assist or inhibit an immune response, as well as antisense sequences (or sense sequences 
for "antiseiise applications"). In addition, as discussed above, the gene delivery vehicles 
provided herein may contain (and express, within certain embodiments) two or more 
heterologous sequences. 

10 

1. Lymphokines 

Within one embodiment of the invention, the heterologous sequence 
encodes a lymphokine. Briefly, lymphokines act to proliferate, activate, or differentiate 
immune effectors cells. Representative examples of lymphokines include gamma 
15 interferon, tumor necrosis factor, IL-1, IL-2. IL-3. IL-4, IL-5. IL-6, IL-7, IL-8, IL-9, 
IL-10, IL-1 1, IL-I2, IL.13. IL-14. IL-15, GM-CSF, CSF-l and G-CSF. 

Within related embodiments of the invention, the heterologous sequence 
encodes an immunomodulatory cofactor. Briefly, as utilized within the context of the 
present invention, "immunomodulatory cofactor" refers to factors which, when 
20 manufactured by one or more of the cells involved in an immune response, or when 
added exogenousiy to the cells, causes the immune response to be different in quaUty or 
potency from that which would have occurred in the absence of the cofactor. The 
quality or potency of a response may be measured by a variety of assays known to one 
of skill in the art including, for example, in vitro assays which measure cellular 
25 proliferation (e.g., thymidine uptake), and in vitro cytotoxic assays (e.g,, which 
measure "Cr release) (see Warner et al., AIDS Res. and Human Retroviruses 7:645-655, 
1991). 

Representative examples of immunomodulatory co-factors include alpha 
interferon (Finter etal., Drugs ^2(5):749-765, 1991; U.S. Patent No. 4,892,743; US. 
30 Patent No. 4.966,843; WO 85/02862; Nagata etal.. Nature 2^:316-320, 1980; 
Familletti etal, Methods in Enz. 75:387-394, 1981; Twai etal., Proc, NatL Acad, Sci. 
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USA <?6:2046-2050. 1989; Faktor eial.. Oncogene 5:867-872, 1990), beta interferon 
(Seif etal., J, Virol. 55:664-671, 1991), gamma interferons (Radford etal., American 
Society of Hepmology:200S-20l5, 1991; Watanabe etal., PNAS 55:9456-9460, 1989; 
Gansbacher etal.. Cancer Research 5(?:7820-7825, 1990; Maio etal., Can. ImmunoL 
5 Immunother. i^?:34-42, 1989; U.S. Patent Nos. 4,762,791 and 4,727,138), G-CSF (U.S. 
Patent Nos. 4,999.291 and 4,810,643), GM-CSF ^WO 85/04188), TNFs (Jayaraman 
etal., J. Immunology 7^^:942-95 K 1990), Interleukin- 2 (IL-2) (Karupiah etaL, J. 
Immunology 7-^^:290-298. 1990; Weber etal., J. Exp. Med. 755:1716-1733, 1987; 
Gansbacher et al., J. Exp. Med 772:1217-1224, 1990; U.S. Patent No. 4.738,927). IL-4 

10 (Tepper etal.. Cell 57:503-512, 1989; Golumbek etal.. Science 25^:713-716, 1991: 
U.S. Patent No. 5.017,691), IL-6 f Brakenhof et al., J, ImmunoL 7iP:41 16-4121, 1987; 
WO 90/06370), IL-12, IL-15 (Grabstein etal.. Science 25^:965-968, 1994; Genbank- 
EMBL Accession No, V03099), ICAM-1 fAItman etal.. Nature ii5:512-514, 1989), 
ICAM-2, LFA-1, LFA-3, MHC class I molecules, MHC class II molecules, 

15 ,-microglobulin, chaperones, CD3, B7/BB1, MHC linked transponer proteins or 
analogues thereof 

The choice of which immunomodulatory cofactor to include within a 
alphavirus vector construct may be based upon known therapeutic effects of the 
cofactor, or experimentally determined. For example, in chronic hepatitis B infections 

20 alpha interferon has been found to be efficacious in compensating a patient's 
immunological deficit and thereby assisting recovery from the disease. Altematively, a 
suitable immunomodulatory cofactor may be experimentally detennined. Briefly, blood 
samples are first taken from patients with a hepatic disease. Peripheral blood 
lymphocytes (PBLs) are restimulated in vitro with autologous or HLA-matched cells 

25 (eg., EBV transformed cells), and transduced with an alphavirus vector construct which 
directs the expression of an immunogenic portion of a hepatitis antigen and the 
immunomodulatory cofactor. Stimulated PBLs are used as effectors in a CTL assay 
with the HLA-matched transduced cells as targets. An increase in CTL response over 
that seen in the same assay perfonned using HLA-matched stimulator and target cells 

30 transduced with a vector encoding the antigen alone, indicates a useful 
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immunomodulatoo' cofactor. Within one embodiment of the invention, the 
immunomodulatory cofactor gamma interferon is particularly preferred. 

Another example of an immunomodulatory cofactor is the B7/BB1 
costimulatory factor. Briefly, activation of the full functional activity of T cells requires 
5 two signals. One signal is provided by interaction of the antigen-specific T cell receptor 
with peptides which are bound to major histocompatibility complex (MHC) molecules, 
and the second signal, referred to as costimulation, is delivered to the T cell by antigen- 
presenting cells. The second signal is required for interleuldn-2 (IL-2) production by 
T cells and appears to involve interaction of the B7/BB1 molecule on antigen- 
ic presenting cells with CD28 and CTLA-4 receptors on T lymphocytes (Linsley et al., y. 
Exp, Med. 775:721-730, 1991a, and /. Exp. Med. /74:561-570, 1991). Within one 
embodiment of the invention, B7/BB1 may be introduced into tumor cells in order to 
cause costimulation of CDS' T cells* such that the CDS' T cells produce enough IL-2 to 
expand and become fully activated. These CDS' T cells can kill tumor cells that are not 
15 expressing B7 because costimulation is no longer required for further CTL function. 
Vectors that express both the costimulatory B7/BB1 factor and, for example, an 
inmiunogenic HBV core protein, may be made utilizing methods which are described 
herein. Cells transduced with these vectors will become more effective antigen- 
presenting cells. The HBV core-specific CTL response will be augmented from the 
20 fully activated CDS' T cell via the costimulatory ligand B7/BB I . 

2. liizuns 

Within another embodiment of the invention, the heterologous sequence 
encodes a toxin. Briefly, toxins act to directly inhibit the growth of a cell. 

25 Representative examples of toxins include ricin (Lamb et al., Eur, 7. Biochem, 148:265' 
270. 19S5). abrin (Wood etal., Eur, J. Biochem. ! 98:722-132, 1991; Evensen etal., 
y. of Biol. Chem, 255:6848-6852. 1991; Collins etal., / ofBioL Chem, 255:8665-8669. 
1990; Chen etal.. Fed. of Eur. Biochem Soc. iaP:115-118, 1992). diphtheria toxin 
(Tweten et al„ / BioL Chem. 25(?:10392-10394. 1985), cholera toxin (Mekalanos et al.. 

30 Nature 505:551-557, 1983; Sanchez and Holmgren, PNAS <y5:48M85, 1989), gelonin 
(Stirpe etal.. 7. Biol. Chem. 255:6947-6953. 1980). pokeweed Grvin, Pharmac, Ther. 
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27:371-387. 1983), antiviral protein (Barbieri et aL, Biochem, 1 203:55-59, 1982; Irvin 
et al., Arch. Biochem. di Biophys. 200:41^-425, 1980; Irvin, Arch. Biochem. Biophys. 
MP:522-528, 1975), tritin, Shigella toxin (Calderwood etal., PNAS 5^:4364-4368, 
1987; Jackson et al.. Microh. Path, 2:147-153, 1987), Pseudomonas exotoxin A (Carroll 
5 and Collier, J. BioL Chem. 262:S107-S1\\, 1987), herpes simplex virus thymidine 
kinase (HSVTK) (Field etal., J. Gen. Virol. ^P:l 15-124, 1980), and £, colL guanine 
phosphoribosyl transferase, 

3. Prodrug converting en/vmes 
10 Within other embodiments of the invention, the heterologous sequence 

encodes a prodrug converting enzyme. Briefly, as utihzed within the context of the 
present invention, a prodrug convening enzyme refers to a gene product that activates a 
compound with little or no cytotoxicity into a toxic product (the prodrug). 
Representative examples of such gene products include HSVTK and VZVTK (as well 

15 as analogues and derivatives thereof), which selectively monophosphorylate certain 
purine arabinosides and substituted pyrimidine compounds, converting them to 
cytotoxic or cytostatic metabolites. More specifically, exposure of the drugs 
ganciclovir, acyclovir, or any of their analogues (e.g., FIAU, FIAC, DHPG) to HSVTK 
phosphorylates the drug into its corresponding active nucleotide triphosphate form. 

-0 Representative examples of other prodrug converting enzymes which can 

also be utilized within the context of the present invention include: £. coli guanine 
phosphoribosyl transferase which converts thioxanthine into toxic thioxanthine 
monophosphate (Besnard et aL, MoL Ceil. Biol, 7:4139-4141, 1987); alkaline 
phosphatase, which converts inactive phosphorylated compounds such as mitomycin 

25 phosphate and doxorubicin-phosphate into toxic dephosphorylated compounds; fungal 
{e.g., Fusarium oxysporum) or bacterial cytosine deaminase, which converts 5- 
fluorocytosine to the toxic compound 5-fluorouracil (Mullen, PNAS 89:33, 1992); 
carboxypeptidase G2, which cleaves the glutamic acid from para-N-bis (2-chloroethyl) 
aminobenzoyl glutamic acid, thereby creating a toxic benzoic acid mustard; and 

30 Penicillin-V amidase, which converts phenoxyacetabide derivatives of doxorubicin and 
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melphalan to toxic compounds (see generally, Vrudhula et a!.. J. of Med. Chem. 
i5(7):9l9-923, 1993; Kern et al.. Cane. Immun. Immunother J7(4):202-206, 1990), 

4. Antisense Sequences 
5 Within another embodiment of the invention, the heterologous sequence 

is an antisense sequence. Briefly, antisense sequences are designed to bind to RNA 
transcripts, and thereby prevent cellular synthesis of a particular protein or prevent use 
of that RNA sequence by the cell. Representative examples of such sequences include 
antisense thymidine kinase, antisense dihydrofolate reductase (Maher and Dolnick, 
10 Arch. Biochem. d: Biophys. 255:214-220, 1987; Bzik et al., PNAS 84:%360'Z26A, 1987), 
antisense HER2 (Coussens etal.. Science 2i(?:l 132-1139, 1985), antisense ABL 
(Fainstein etal.. Oncogene 1477-1481, 1989), antisense Myc (Stanton etal., Nature 
57^7:423-425, 1984) and antisense ras, as well as antisense sequences which block any 
of the ceil cycle signaling components {e.g., cyclins, eye I in-dependent kinases, cychn- 
15 dependent kinase inhibitors) or enzymes in the nucleotide biosynthetic pathway. In 
addition, within other embodiments of the invention antisense sequences to interferon 
and 2 microglobulin may be utilized in order to decrease immune response. 

In addition, within a further embodiment of the invention, antisense 
RNA may be utilized as an anti-tumor agent in order to induce a potent Class 1 
20 restricted response. Briefly, in addition to binding RNA and thereby preventing 
translation of a specific mRNA, high levels of specific antisense sequences are believed 
to induce the increased expression of interferons (including gamma-interferon) due to 
the formation of large quantities of double-su-anded RNA. The increased expression of 
gamma interferon, in turn, boosts the expression of MHC Class I antigens. Preferred 
25 antisense sequences for use in this regard include actin RNA, myosin RNA, and histone 
RNA. Antisense RNA which forms a mismatch with actin RNA is particularly 
preferred. 

5. RJihflzymfis 

30 Within other aspects of the present invention, gene delivery vehicles are 

provided which produce ribozymes upon infection of a host cell. Briefly, rib zymes are 
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used to cleave specific RNAs and are designed such that it can only affect one specific 
RNA sequence. Generally, the substrate binding sequence of a ribozyme is between 10 
and 20 nucleotides long. The length of this sequence is sufficient to allow a 
hybridization with target RNA and disassociaiion of the ribozyme from the cleaved 
5 RNA. 

A wide variety of ribozymes may be utilized within the context of the 
present invention, including for example, Group I intron ribozymes (Cech et al., U.S. 
Patent No. 4,987,071); hairpin ribozymes (Hampel et al.. NucL Acids Res, 7(5:299-304, 
1990, U.S. Patent No. 5,254.678 and European Patent Publication No, 0 360 257), 

10 hammerhead ribozymes (Rossi. J.J. etal., Pharmac, Then 50:245-254, 1991; Forster 
and Symons, Cell <5:2Il-220. 1987; Haseloff and Gerlach, Nature 328:596-600^ 1988; 
Walbot and Bruening, Nature 334:\96, 1988; Haseloff and Geriach, Nature ii^:585, 
1988), hepatitis delta virus ribozymes (Perrotta and Been, Biochem. 3I:\6, 1992); 
RNase P ribozymes (Takada et al. Cell J5:849, 1983); as well as other types of 

15 ribozymes (see WO 95/29241, and WO 95/31551). Further examples of ribozymes 
include those described in U.S. Patent Nos. 5,1 16,742, 5,225,337 and 5,246,921 . 

6. Proteins and other cellula r constituents 

Within other aspects of the present invention, a wide variety of proteins 
20 or other cellular constituents may be carried and/or expressed by the gene delivery 
vehicles provided herein. Representative examples of such proteins include native or 
altered cellular components, as well as foreign proteins or cellular constituents, found in 
for example, viruses, bacteria, parasites or fungus. 

a. Altered CglltilarCQmpongnis 

Within one embodiment, gene delivery vehicles are provided which 
direct the expression of an immunogenic, non-mmorigenic, altered cellular component 
(see, e.g., WO 93/10814). As utilized herein, the term "immunogenic" refers to altered 
cellular components which are enable, under the appropriate conditions, of causing an 
immune response. This response must be cell-mediated, and may also include a 
humoral response. The term "non-tumorigenic" refers to altered cellular components 



25 



30 
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which will not cause cellular transformation or induce tumor formation in nude mice. 
The phrase "altered cellular component" refers to proteins and other cellular 
constituents which are either associated with rendering a cell tumorigenic, or are 
associated with tumorigenic cells in general, but are not required or essential for 
5 rendering the cell tumorigenic. 

Briefly, before alteration, the cellular components may be essential to 
normal cell growth and regulation and include^ for example, proteins which regulate 
intracellular protein degradation, transcriptional regulation, cell-cycle control, and cell- 
cell interaction. After alteration, the cellular components no longer perfonn their 
10 regulatory functions and. hence, the cell may experience uncontrolled growth. 
Representative examples of altered cellular components include ras', p53\ Rb', altered 
protein encoded by the Wilms' tumor gene, ubiquitin*, mucin', protein encoded by the 
DCC, APC, and MCC genes, the breast cancer gene BRCAl*, as well as receptors or 
receptor-like structures such as neu, thyroid hormone receptor, platelet derived growth 
15 factor (PDGF) receptor, insulin receptor, epidenmal growth factor (EGF) receptor, and 
the colony stimulating factor (CSF) receptor. 

Once a sequence encoding the altered cellular component has been 
obtained, it is necessary to ensure that the sequence encodes a non-tumorigenic protein. 
Various assays which assess the tumorigenicity of a particular cellular component are 
20 known and may easily be accomplished. Representative assays include a rat fibroblast 
assay, tumor formation in nude mice or rats, colony formation in soft agar, and 
preparation of transgenic animals, such as transgenic mice. 

Tumor formation in nude mice or rats is a particularly important and 
sensitive method for determining the tumorigenicity of a particular cellular component. 
25 Nude mice lack a fimctional cellular immune system (i.e., do not possess CTLs), and 
therefore provide a usefiil in vivo model in which to test the tumorigenic potential of 
cells. Normal non-tumorigenic cells do not display uncontrolled growth properties if 
infected into nude mice. However, Unformed cells will rapidly prohferate and 
generate tumors in nude mice. Briefly, in one embodiment an alphavirus vector 
30 construct is administered to syngeneic murine cells, followed by injection into nude 



SUBSTITUTE SHEET (RULE 26) 



wo 99/18226 



PCT/US98/2I062 



58 

mice. The mice are visually examined for a period of 2 to 8 weeks after injection in 
order to determine tumor growth. The mice may also be sacrificed and autopsied in 
order to determine whether tumors are present. (Giovanella et al., / NatL Cancer Inst. 
153 1-1533. 1972: Furesz et al., Abnormal Cells. New Products and Risk, Hopps and 
5 Petricciani (eds.), Tissue CuUure Association, 1985; and Levenbook et al., J. Biol. Std. 
7J:135-14L 1985.) 

Tumorigenicity may also be assessed by visualizing colony formation in 
soft agar (Macpherson and Montagnier, ViroL rj:291-294, 1964). Briefly, one property 
of normal non-tumorigenic ceils is "contact inhibition" {i.e.. cells will stop proliferating 
10 when they touch neighboring ceils). If cells are plated in a semi-solid agar support 
medium, normal cells rapidly become contact inhibited and stop proliferating, whereas 
tumorigenic ceils will continue to proliferate and form colonies in soft agar. 

If the altered cellular component is associated with making the cell 
tumorigenic, then it is necessary to make the altered cellular component non- 
15 tumorigenic. For example, within one embodiment the sequence or gene of interest 
which encodes the altered cellular component is truncated in order to render the gene 
product non-tumorigenic. The gene encoding the altered cellular component may be 
truncated to a variety of sizes, although it is preferable to retain as much as possible of 
the altered cellular component. In addition, it is necessary that any truncation leave 
20 intact at least some of the immunogenic sequences of the altered cellular component. 
Alternatively, multiple iranslational termination codons may be introduced downstream 
of the immunogenic region. Insenion of termination codons will prematurely terminate 
protein expression, thus preventing expression of the transforming portion of the 
protein. 

25 As noted above, in order to generate an appropriate immune response, 

the altered cellular component must also be immunogenic. Immunogenicity of a 
particular sequence is often difficult to predict, although T cell epitopes often possess an 
immunogenic amphipathic alpha-helix component. In general, however, it is preferable 
to determine immunogenicity in an assay. Representative assays include an ELBA, 

30 which detects the presence of antibodies against the newly introduced vector, as well as 
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assays which test for T helper cells such as gamma-interferon assays, IL-2 production 
assays, and proliferation assays. 

As noted above, within another aspect of the present invention, several 
different altered cellular components may be co-expressed in order to form a general 
5 anti-cancer therapeutic. Generally, it will be evident to one of ordinary skill in the art 
that a variety of combinations can be made. Within preferred embodiments, this 
therapeutic may be targeted to a particular type of cancer. For example, nearly all colon 
cancers possess mutations in ras, p53, DCC APC or MCC genes. An alphavims vector 
construct which co-expresses a number of these altered cellular components may be 
10 administered to a patient with colon cancer in order to treat all possible mutations. This 
methodology may also be utilized to treat other cancers. Thus, an alphavirus vector 
construct which co-expresses mucin*, ras", neu, BRCAf and p53' may be utilized to 
treat breast cancer. 

15 b. Antigens from foreign organisms or other pathogrens 

Within other aspects of the present invention, vectors are provided which 
direct the expression of immunogenic portions of antigens from foreign organisms or 
other pathogens. Representative examples of such antigens include bacterial antigens 
{e.g.. E. colU streptococcal, staphylococcal, mycobacterial etc.), fungal antigens. 

20 parasitic antigens, and viral antigens (e.g., influenza virus. Feline Leukemia Virus 
("FeLV"). immunodeficiency viruses such as Feline Immunodeficiency Virus ("FIV") 
or Human Immmunodeficiency Virus ("HIV"). Hepatitis A, B and C Virus ("HAV", 
"HBV" and "HCV", respectively), Respiratory Syncytial Virus, Human Papiloma Virus 
("HPV"), Epstein-Barr Virus ("EBV"), Herpes Simplex Virus ("HSV"). Hantavirus, 

25 HTLV I, HTLV U and Cytomegalovirus ("CMV"). As utilized within the context of the 
present invention, "immunogenic portion" refers to a portion of the respective antigen 
which is capable, under the appropriate conditions, of causing an immune response {i.e., 
cell-mediated or humoral). "Portions" may be of variable size, but are preferably at 
least 9 amino acids long, and may include the entire antigen. Cell-mediated immune 

30 responses may be mediated through Major Histocompatability Complex ("MHC") class 
I presentation, MHC Class II presentation, or both. 
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Within one aspect of the invention, alphavirus vector constructs are 
provided which direct the expression of immunogenic ponions of Hepatitis B antigens 
(see, e.g., WO 93/15207). The Hepatitis B virus presents several different antigens, 
including among others, three HB "S" antigens (HBsAgs), an HBc antigen (HBcAg), an 
5 HBe antigen (HBeAg), and an HBx antigen (HBxAg) (see Blum et al., TIG J(5):154- 
158, 1989). Briefly, the HBeAg results from proteolytic cleavage of a P22 pre-core 
intermediate and is secreted from the cell. HBeAg is found in serum as a 17 kD protein. 
The HBcAg is a protein of 1 83 amino acids, and the HBxAg is a protein of 145 to 154 
amino acids, depending on subtype. 
10 The HBsAgs (designated "large," "middle" and "small") are encoded by 

three regions of the Hepatitis B genome: S, pre-S2 and pre-Sl. The large protein, 
which has a length varying from 389 to 400 amino acids, is encoded by pre-Sl, pre-S2, 
and S regions, and is found in glycosylated and non-glycosylated forms. The middle 
protein is 281 amino acids long and is encoded by the pre-S2 and S regions. The small 
15 protein is 226 amino acids long and is encoded by the S region. It exists in two fomis, 
glycosylated (GP 27*) and non-glycosylated (P24*). If each of these regions are 
expressed separately, the pre-Sl region will code for a protein of approximately 119 
amino acids, the pre-S2 region will code for a protein of approximately 55 amino acids, 
and the S region will code for a protein of approximately 226 amino acids. 
^0 As will be evident to one of ordinary skill in the art, various 

immunogenic ponions of the above-described S antigens may be combined in order to 
induce an immune response when administered by one of the alphavirus vector 
constructs described herein. In addition, due to the large immunological variability that 
is found in different geographic regions for the S open reading frame of HBV, particular 
25 combinations of antigens may be preferred for administration in particular geographic 
regions. 

Also presented by HBV are pol ("HBV po/"), ORF 5, and ORF 6 
antigens. Briefly, the polymerase open reading frame of HBV encodes reverse 
transcriptase activity found in virions and core-like particles in infected livers. The 
30 polymerase protein consists of at least two domains: the amino terminal domain which 
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encodes the protein that primes reverse transcription, and the carboxyl terminal domain 
which encodes reverse transcriptase and RNase H activity. Immunogenic portions of 
HBV pol may be determined utilizing methods described herein, utilizing alphavinis 
vector consuiicts described below, and administered in order to generate an immune 
5 response within a warm-blooded animal. Similarly, other HBV antigens, such as ORF 
5 and ORF 6 (Miller et al., Hepatology P:322-327, 1989) may be expressed utilizing 
alphavinis vector constructs as described herein. 

As noted above, at least one immunogenic portion of an antigen from a 
foreign organism is incorporated into a gene delivery vehicle. The immunogenic 
10 ponion(s) which are incorporated into the gene delivery vehicles may be of varying 
length, although it is generally preferred that the ponions be at least 9 amino acids long 
and may include the entire antigen. Immunogenicity of a particular sequence is often 
difficult to predict, although T cell epitopes may be predicted utilizing computer 
algorithms such as TSITES (Medlmmune, Maryland), in order to scan coding regions 
15 for potential T-helper sites and CTL sites. From this analysis, peptides are synthesized 
and used as targets in an in vitro cytotoxic assay. Other assays, however, may also be 
utilized, including, for example, ELISA, which detects the presence of antibodies 
against the newly introduced vector, as well as assays which test for T helper cells, such 
as gamma-interferon assays. IL-2 production assays and proliferation assays. 
20 Immunogenic portions may also be selected by other methods. For 

example, the HLA A2.1 transgenic mouse has been shown to be useful as a model for 
human T-cell recognition of viral antigens. Briefly, in the influenza and hepatitis B 
viral systems, the murine T cell receptor repertoire recognizes the same antigenic 
determinants recognized by human T cells. In both systems, the CTL response 
25 generated in the HLA A2.1 transgenic mouse is directed toward virtually the same 
epitope as those recognized by human CTLs of the HLA A2.1 haplotype (Vitiello et al., 
J.Exp, Med, /7J:1007-I015. 1991; Vitiello etal.. Abstract of Molecular Biology of 
Hepatitis B Virus Symposia, 1992). 

As noted above, more than one immunogenic portion may be 
30 incorporated into the gene delivery vehicles. For example, a gene delivery vehicle may 
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express (either separately or as one construct) all or immunogenic portions of HBcAg, 
HBeAg, HBsAgs, HBxAg, as well as immunogenic portions of the HCV antigens C, 
EUE2, NS3, NS4, orNSS. 

5 7. Sources for Heterologous .SeqiiP^^^><^ 

Sequences which encode the above-described proteins may be readily 
obtained from a variety of sources, including for example, depositories such as the 
American Type Culture Collection (ATCC, Rockville. MD). or from commercial 
sources such as British Bio-Technology Limited (Cowley, Oxford, England). 

10 Representative examples include BBG 12 (containing the GM-CSF gene coding for the 
mature protein of 127 amino acids); BBG 6 (which contains sequences encoding 
gamma interferon), ATCC No. 39656 (which contains sequences encoding TNF), 
ATCC No. 20663 (which contain sequences encoding alpha interferon), ATCC Nos. 
31902, 31902 and 39517 (which contains sequences encoding beta interferon), ATCC 

15 No 67024 (which contain a sequence which encodes Interieukin-lb); ATCC Nos, 
39405, 39452, 39516, 39626 and 39673 (which contains sequences encoding 
Interleukin-2); ATCC Nos. 59399, 59398, and 67326 (which contain sequences 
encoding lnterieukin-3); ATCC No. 57592 (which contains sequences encoding 
Interleukin-4), ATCC Nos. 59394 and 59395 (which contain sequences encoding 

20 lnterleukin-5), and ATCC No. 67153 (which contains sequences encoding Interieukin- 
6). 

Sequences which encode altered cellular components as described above 
may be readily obtained from a variety of sources. For example, plasmids which 
contain sequences that encode altered cellular products may be obtained from a 

25 depository such as the American Type Culture Collection (ATCC, Rockville, MD), or 
from commercial sources such as Advanced Biotechnologies (Columbia, Maryland). 
Representative examples of plasmids containing some of the above-described sequences 
include ATCC No. 41000 (containing a G to T mutation in the 12th codon of ras), and 
ATCC No. 41049 (containing a G to A mutation in the 12th codon), 

^0 Alternatively, plasmids which encode normal cellular components may 

also be obtained from depositories such as the ATCC {see, for example, ATCC No. 
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41001, which contains a sequence which encodes the normal ras protein; ATCC No. 
57103, which encodes abl; and ATCC Nos. 59120 or 59121, which encode the her 
locus) and mutated to form the altered cellular component. Methods for mutagenizing 
particular sites may readily be accomplished using methods known in the an (see 
5 Sambrook et al., supra., 15.3 ei seq.). In particular, point mutations of normal cellular 
components such as ras may readily be accomplished by site-directed mutagenesis of 
the particular codon, for example, codons 12, 13 or 61. 

Sequences which encode the above-described viral antigens may 
likewise be obtained from a variety of sources. For example, molecularly vi'ral cloned 
10 genes may be obtained from sources such as the American Type Culture Collection 
(ATCC, Rockviile. MD). For example, ATCC No. 45020 contains the total genomic 
DNA of hepatitis B (extracted from purified Dane particles) (see Figure 3 of Blum 
etaL, TIG J(5):154-158, 1989) in the Bam HI site of pBR322 (Moriany etal., Proc. 
Natl. Acad. ScL USA 7^:2606-2610, 1981). 
15 Alternatively, cDNA sequences which encode the above-described 

heterologous sequences may be obtained from cells which express or contain the 
sequences. Briefly, within one embodiment, mRNA from a cell which expresses the 
gene of interest is reverse transcribed with reverse transcriptase using oligonucleotide 
dT or random primers. The single stranded cDNA may then be amplified by PCR (see 
20 U.S. Patem Nos. 4,683,202; 4.683,195 and 4,800,159. See also PCR Technology- 
Principles and Applications for DNA Amplification, Erlich (ed.). Stockton Press, 1989) 
utilizing oligonucleotide primers complemeniaiy to sequences on either side of desired 
sequences. In particular, a double-stranded DNA is denatured by heating in the 
presence of heat stable Taq polymerase, sequence-specific DNA primers, dATP, dCTP, 
25 dGTP and dTTP. Double-stranded DNA is produced when synthesis is complete. This 
cycle may be repeated many times, resulting in a factorial amplification of the desired 
DNA. 

Sequences which encode the above-described proteins may also be 
synthesized, for example, on an Applied Biosysiems Inc. DNA synthesizer (eg., APB 
30 DNA synthesizer model 392 (Foster City, CA)). 
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G. Abhavirus Packaging / Producer Cell T.ines 

Within further aspects of the invention, alphavims packaging and 
producer ceil lines are provided. In particular, within one aspect of the present 
5 invention, alphavirus packaging cell lines are provided wherein the viral strucmral 
proteins are supplied in trans from one or more stably transformed expression vectors, 
and are able to encapsidate transfected, transduced, or intracellularly produced vector 
RNA transcripts in the cytoplasm and release infectious packaged vector particles 
through the cell membrane. In preferred embodiments, the structural proteins necessary 
10 for packaging are synthesized at high levels only after induction by the RNA vector 
replicon itself or some other provided stimulus, and the transcripts encoding these 
structural proteins are capable of cytoplasmic amplification in a manner that will allow 
expression levels sufficient to mimic that of a natural viral infection. Furthermore, in 
other embodiments, expression of a selectable marker is operably linked to the 
15 structural protein expression cassette. Such a linked selectable marker allows efficient 
generation of functional, stably transformed PCL. 

For example, alphavirus RNA vector replicon molecules of the desired 
phenotype to be packaged, which are themselves capable of autocatalytic repHcation in 
the cell cytoplasm, can be introduced into the packaging cells as in vitro transcribed 
20 RNA, recombinant alphavirus particles, or as alphavirus cDNA vector constructs. The 
RNA vector transcripts then replicate to high levels, stimulate amplification of the 
structural protein gene transcript(s) and subsequent protein expression, and are 
subsequently packaged by the viral structural proteins, yielding infectious vector 
particles. The intracellular expression of alphavirus proteins and/or vector RNA above 
25 certain levels may result in cytotoxic effects in packaging or producer cell lines. 
Therefore, within certain embodiments of the invention, it may be desirable for these 
elements to be derived from virus variants selected for reduced cytotoxicity of their 
expressed structural proteins, reduced inhibition of host macromolecular synthesis, 
and/or the ability to establish persistent infection. 
30 To optimize vector packaging cell line performance and final vector liter, 

successive cycles of gene transfer and vector packaging may be performed. For 
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example, supematants containing infectious packaged vector particles derived &om 
vector transfection of the packaging cell lines, can be used to infect or "transduce" a 
fresh monolayer or suspension culture of alphavirus packaging cells. Successive 
transductions with packaged vector particles and fresh packaging cells may be preferred 
5 over nucleic acid transfection because of its higher RNA transfer efficiency into ceils, 
optimized biological placement of the vector in the cell, and ability to "scale-up" the 
process for vector production from increasingly larger numbers of packaging cells. This 
leads to higher expression and higher titer of packaged infectious recombinant 
alphavirus vector. 

1^ Within other aspects of the invention, a stably integrated or episomally 

maintained DNA expression vector can be used to produce the alphavirus vector RNA 
molecule within the cell. Briefly, such a DNA expression vector can be configured, in 
preferred embodiments, to be inducible, such that trancription of the alphavirus vector 
RNA occurs only when cells have been propagated to a desired density, and are 

15 subsequently induced. Once transcribed, the alphavirus vector maintains the ability to 
self-replicate autocatalytically and triggers a cascade of events that cuhninate in 
packaged vector particle production. This approach allows for continued vector 
expression over extended periods of culturing because the integrated DNA vector 
expression system is maintained through a drug or other selection marker and the DNA 

20 system, once induced, will constitutively express unaltered RNA vector repiicons which 
cannot be diluted out by defective RNA copies. Production of larger-scale, high titer 
packaged alphavirus vector is possible in this alphavirus "producer cell line" 
configuration, the DNA-based alphavirus vector is introduced initially into the 
packaging cell Ime by transfection, since size restrictions could prevent packaging of 

25 the expression vector into a viral vector particle for transduction. 

H. Pharmaceutical Compositions 

As noted above, the present invention also provides pharmaceutical 
compositions comprising the gene delivery vehicles described herein in combination 
30 with a pharmaceutically acceptable carrier, diluent, or recipient. For example, within 
one embodiment, RNA or DNA vector constructs of the present invention can be 
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lyophilized for long term storage and tt^spon, and may be reconstituted prior to 
administration using a variety of substances, but are preferably reconstituted using 
water. In certain instances, dilute salt solutions which bring the final fomiulation to 
isotonicity may also be used. In addition, it may be advantageous to use aqueous 
5 solutions containing components which enhance the activity or physically protect the 
reconstituted nucleic acid preparation. Such components include cytokines, such as IL- 
2, polycations, such as protamine sulfate, lipid foimulations, or other components. 
Lyophilized or dehydrated recombinant vectors may be reconstituted with any 
convenient volume of water or the reconstituting agents noted above that allow 
1 0 substantial, and preferably total solubilization of the lyophilized or dehydrated sample. 

Recombinant alphavirus panicles or infectious recombinant virus (both 
referred to as virus below) may be preserved either in crude or purified forms. In order 
to produce virus in a crude form, producing cells may first be cultivated in a bioreactor 
or fiat stock culture, wherein viral particles are released from the cells into the culture 
15 media. Virus may then be preserved in crude form by first adding a sufficient amount 
of a formulation buffer to the culture media containing the recombinant virus to form an 
aqueous suspension. Within certain preferred embodiments, the formulation buffer is 
an aqueous solution that contains a saccharide, a high molecular weight strucmral 
additive, and a buffering component in water. The aqueous solution may also contain 
20 one or more amino acids. 

The recombinant virus can also be preserved in a purified form. More 
specifically, prior to the addition of the formulation buffer, the crude recombinant virus 
described above may be clarified by passing it through a filter and then concentrated, 
such as by a cross flow concentrating system (Filtron Technology Corp., Nortborough, 

25 MA). Within one embodiment, DNase is added to the concentrate to digest exogenous 
DNA. The digest is then diafiltrated in order to remove excess media components and 
to establish the recombinant virus in a more desirable buffered solution. The diafiltrate 
is then passed over a Sephadex S-500 gel column and a purified recombinant virus is 
eluted. A sufficient amount of formulation buffer is then added to this eluate in order to 

30 reach a desired final concentration of the constituents and to minimally dilute the 
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recombinant vims. The aqueous suspension may then be stored, preferably at -70°C, or 
immediately dried. As above, the formulation buffer may be an aqueous solution that 
contains a saccharide, a high molecular weight structural additive, and a buffering 
component in water. The aqueous solution may also contain one or more amino acids. 
5 Crude recombinant virus may also be purified by ion exchange column 

chromatography. Briefly, crude recombinant virus may be clarified by first passing it 
through a filter, followed by loading the filtrate onto a column containing a highly 
sulfonated cellulose matrix. The recombinant virus may then be eluted from the column 
in purified form by using a high salt buffer, and the high salt buffer exchanged for a 
10 more desirable buffer by passing the eluate over a molecular exclusion column. A 
sufficient amount of formulation buffer is then added, as discussed above, to the 
purified recombinant virus and the aqueous suspension is either dried immediately or 
stored, preferably at -70°C. 

The aqueous suspension in crude or purified fonn can be dried by 
15 lyophilizaiion or evaporation at ambient temperature. Briefly, lyophilization involves 
the steps of cooling the aqueous suspension below the gas transition temperature or 
below the eutectic point temperature of the aqueous suspension, and removing water 
from the cooled suspension by sublimation to form a lyophilized virus. Within one 
embodiment, aliquots of the formulated recombinant virus are placed into an Edwards 

20 Refrigerated Chamber (3 shelf RC3S unit) attached to a freeze dryer (Supcrmodulyo 
12K), A multistep freeze drying procedure as described by Phillips et al. (Cryobiology 
75:414, 1981) is used to lyophilize the formulated recombinant virus, preferably from a 
temperanire of -40°C to -45°C. The resulting composition contains less than 10% water 
by weight of the lyophilized virus. Once lyophilized, the recombinant virus is stable 

25 and may be stored at -2(rC to 25T, as discussed in more detail below. 

Within the evaporative method, water is removed from the aqueous 
suspension at ambient temperature by evaporation. Within one embodiment, water is 
removed through spray-drying (EP 520,748). Withm the spray^rying process, the 
aqueous suspension is delivered into a flow of preheated gas, usually air, whereupon 

30 water rqjidly evaporates torn droplets of the suspension. Spray-drying apparatus are 
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available from a number of manufacturers (e.g., Drytec, Ltd., Tonbridge, England; Lab- 
Plant, Ltd., Huddersfield, England). Once dehydrated, the recombinant vims is stable 
and may be stored at -20°C to 25'*C. Within the methods described herein, the resulting 
moisture content of the dried or lyophilized virus may be determined through use of a 
5 Karl-Fischer apparatus (EM Science Aquastar' VI B volumetric titrator, Cherry Hill, 
NJ), or through a gravimetric method. 

The aqueous solutions used for formulation, as previously described, are 
preferably composed of a saccharide, high molecular weight structural additive, a 
buffering component, and water. The solution may also include one or more amino 
10 acids. The combination of these components act to preserve the activity of the 
recombinant virus upon freezing and lyophilization or drying through evaporation. 
Although one saccharide that can be utilized is lactose, odier saccharides may likewise 
be utilized including, for example, sucrose, mannitol, glucose, trehalose, inositol, 
fructose, maltose or galactose. In addition, combinations of saccharides can be used, for 
15 example, lactose and mannitol, or sucrose and mannitol. A particularly preferred 
concentration of lactose is 3%-4% by weight. Preferably, the concentration of the 
saccharide ranges from 1% to 12% by weight. 

The high molecular weight structural additive aids in preventing viral 
aggregation during freezing and provides structural support in the lyophilized or dried 
20 state. Within the context of the present invention, structural additives are considered to 
be of "high molecular weight" if they are greater than 5000 m.w. A preferred high 
molecular weight structural additive is human serum albumin. However, other 
substances may also be used, such as hydroxyethyl-cellulose, hydroxymethyl-cellulose, 
dextran, cellulose, gelatin, or povidone. A particularly preferred concentration of 
25 human serum albumin is 0.1% by weight. Preferably, the concentration of the high 
molecular weight structural additive ranges from 0. 1% to 10% by weight. 

The amino acids, if present, function to further preserve viral infectivity 
upon cooling and thawing of the aqueous suspension. In addition, amino acids function 
to further preserve viral infectivity during sublimation of the cooled aqueous suspension 
30 and while in the lyophilized state. A preferred amino acid is arginine, but other amino 
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acids such as lysine, ornithine, serine, glycine, glutamine, asparagine. glutamic acid or 
aspartic acid can also be used. A particularly preferred arginine concentration is 0.1% 
by weight. Preferably, the amino acid concentration ranges from 0.1% to 10% by 
weight. 

5 The buffering component acts to buffer the solution by maintaining a 

relatively constant pH. A variety of buffers may be used, depending on the pH range 
desired, preferably between 7.0 and 7.8. Suitable buffers include phosphate buffer and 
citrate buffer. A particularly preferred pH of the recombinant virus formulation is 7.4. 
and a preferred buffer is tromethamine. 
10 In addition, it is preferable that the aqueous solution contain a neutral 

salt which is used to adjust the final formulated recombinant alphavirus to an 
appropriate iso-osmotic salt concentration. Suitable neutral salts include sodium 
chloride, potassium chloride or magnesium chloride. A preferred salt is sodium 
chloride. 

^5 Aqueous solutions containing the desired concentration of the 

components described above may be prepared as concentrated stock solutions. 

It will be evident to those skilled in the art, given the disclosure provided 
herein, that it may be preferable to utilize certain saccharides within the aqueous 
solution when the lyophilized virus is intended for storage at room temperature. More 

20 specifically, it is preferable to utilize disaccharides, such as lactose or trehalose, 
particularly for storage at room temperature. 

The lyophilized or dehydrated viruses of the subject invention may be 
reconstituted using a variety of substances, but are preferably reconstituted using water. 
In certain instances, dilute salt solutions which bring the final formulation to isotonicity 

25 may also be used. In addition, it may be advantageous to use aqueous solutions 
containing components known to enhance the activity of the reconstituted virus. Such 
components include cytokines, such as IL-2. polycations. such as protamine sulfate, or 
other components which enhance the transduction efficiency of the reconstituted virus. 
Lyophilized or dehydrated recombinant virus may be reconstituted with any convenient 
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volume of water or the reconstituting agents noted above that allow substantial, and 
preferably total solubilization of the iyophilized or dehydrated sample. 

I. Methods for Utilizing Gene Delivery VehirlP<^ 
5 As noted above, the present invention also provides methods for 

delivering a selected heterologous sequence to a vertebrate (e.g., a mammal such as a 
human or other warm-blooded animal such as a horse, cow, pig, sheep, dog, cat, rat or 
mouse) or insect, comprising the step of administering to a vertebrate or insect a gene 
delivery vehicle as described herein which is capable of expressing the selected 
10 heterologous sequence. Such gene delivery vehicles may be administered either 
directly {e.g., intravenously, intramuscularly, intraperitoneally, subcutaneously, orally, 
recially, intraocuiarly, intranasal ly), or by various physical methods such as lipofection 
(Feigner et al., Proc, NatL Acad. Sci. USA 84:7412-1417, 1989), direct DNA injection 
(Fung et al.. Proc. Natl. Acad Sci. USA 5^?:353-357, 1983; Seeger et al., Proc, NatL 
15 Acad Sci. USA 57:5849-5852; Acsadi et al.. Nature J52:815-818, 1991); 
microprojectile bombardment (Williams et aL, PNAS 88:2726-2730, 1991); liposomes 
of several types (see, e.g., Wang et aL, PNAS 84:7ZS\'7%S5, 1987); CaPO, (Dubensky 
et al., PNAS 57:7529-7533, 1984); DNA ligand (Wu et al, J, Biol, Chem. 25^:16985- 
16987, 1989); administration of nucleic acids alone (WO 90/11092); or administration 
20 of DNA linked to killed adenovirus (Curiel et al.. Hum. Gene Ther, i:147-154, 1992); 
via polycation compounds such as polylysine, utilizing receptor specific ligands; as well 
as with psoralen inactivated viruses such as Sendai or Adenovirus. In addition, the gene 
delivery vehicles may either be administered directly (i.e., in vivo), or to cells which 
have been removed (ex vivo), and subsequently returned. 
25 As discussed in more detail below, gene delivery vehicles may be 

administered to a vertebrate or insect for a wide variety of therapeutic and/or other 
productive purposes, including for example, for the purpose of stimulating a specific 
immune response; inhibiting the interaction of an agent with a host cell receptor; to 
express a toxic palliative, including for example, conditional toxic palliatives; to 
30 immunologically regulate the immune . system; to prevent cell division, to express 



SUBSTITUTE SHEET (RULE 26) 



wo 99/18226 



PCT/US98/21062 



71 

markers, for replacement gene therapy, to promote wound healing and/or to produce a 
recombinant protein. These and other uses are discussed in more detail below. 

1. Immunostimulation 
5 Within one aspect of the present invention, compositions and methods 

are provided for administering a gene delivery vehicle which is capable of preventing, 
inhibiting, stabilizing or reversing infectious, cancerous, auto-immune or immune 
diseases. Representative examples of such diseases include viral infections such as 
HIV, HBV, HCV. HTLV I, KTLV II, CMV, EBV and HPV, melanomas, diabetes, graft 
10 vs. host disease. Alzheimer's disease and heart disease. More specifically, within one 
aspect of the present invention, compositions and methods are provided for stimulating 
an immune response (either humoral or cell-mediated) to a pathogenic agent, such that 
the pathogenic agent is either killed or inhibited. Representative examples of 
pathogenic agents include bacteria, fungi, parasites, viruses and cancer cells. 
15 Within one embodiment of the invention the pathogenic agent is a virus, 

and methods are provided for stimulating a specific immune response and inhibiting 
viral spread by using a gene delivery vehicle that directs the expression of an antigen or 
modified form thereof to susceptible target cells capable of either (1) initiating an 
immune response to the viral antigen or (2) preventing the viral spread by occupying 
20 cellular receptors required for viral interactions. Expression of the vector nucleic acid 
encoded protein may be transient or stable with time. Where an immune response is to 
be stimulated to a pathogenic antigen, the gene delivery vehicle is preferably designed 
to express a modified form of the antigen which will stimulate an inunune response and 
which has reduced pathogenicity relative to the native antigen. This immune response 
25 is achieved when cells present antigens in the correct manner, Le., in the context of the 
MHC class I and/or II molecules along with accessory molecules such as CD3, ICAM- 
1, ICAM-2, LFA-1, or analogues thereof (e.g., Altmann et al.. Nature 338:512, 1989). 
Cells infected with gene delivery vehicles are expected to do this efficiently because 
they closely mimic genuine viral infection and because they: (a) are able to infect non- 
30 replicating cells, (b) do not integrate into the host cell genome, (c) are not associated 
with any life threatening diseases, and (d) express high levels of heterologous protein. 
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Because of these differences, gene delivery vehicles can easily be thought of as safe 
viral vectors which can be used on healthy individuals for vaccine use. 

This aspect of the invention has a further advantage over other systems 
that might be expected to function in a similar manner, in that the presenter cells are 
5 fiilly viable and healthy, and low levels of viral antigens, relative to heterologous genes, 
are expressed. This presents a distinct advantage since the antigenic epitopes expressed 
can be altered by selective cloning of sub-fragments of the gene for the antigen into the 
recombinant alphavirus, leading to responses against immunogenic epitopes which may 
otherwise be overshadowed by immunodominant epitopes. Such an approach may be 
10 extended to the expression of a peptide having multiple epitopes, one or more of the 
epitopes being derived from different proteins. Further, this aspect of the invention 
allows efficient stimulation of cytotoxic T lymphocytes (CTL) directed against 
antigenic epitopes, and peptide fragments of antigens encoded by sub-fragments of 
genes, through intracellular synthesis and association of these peptide fragments with 
15 MHC Class I molecules. This approach may be utilized to map major 
immunodominant epitopes for CTL induction. 

An immune response may also be achieved by transferring to an 
appropriate immune cell (such as a T lymphocyte) the gene for the specific T cell 
receptor which recognizes the antigen of interest (in the context of an appropriate MHC 
20 molecule if necessary), for an inununoglobulin which recognizes the antigen of interest, 
or for a hybrid of the two which provides a CTL response in the absence of the MHC 
context. Thus, the gene delivery vehicle cells may be used as an immunostimulant, 
immimomodulator, or vaccine. 

In another embodiment of the invention, methods are provided for 
25 producing inhibitor palliatives wherein gene delivery vehicles deliver and express 
defective interfering viral structural proteins, which inhibit viral assembly. Such gene 
delivery vehicles may encode defective gag, pol, env or other viral particle proteins or 
peptides and these would inhibit in a dominant fashion the assembly of viral particles. 
This occurs because the interaction of normal subunits of the viral particle is disturbed 
30 by interaction with the defective subunits. 
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In another embodiment of the invention, methods are provided for the 
expression of inhibiting peptides or proteins specific for viral protease. Briefly, viral 
protease cleaves the viral gag and gag/pol proteins into a number of smaller peptides. 
Failure of this cleavage in all cases leads to complete inhibition of production of 
5 infectious retroviral particles. As an example, the HIV protease is known to be an 
aspartyl protease and these are known to be inWbited by peptides made from amino 
acids from protein or analogues. Gene delivery vehicles to inhibit HIV will express one 
or multiple fused copies of such peptide inhibitors. 

Another embodiment involves the delivery of suppressor genes which, 
10 when deleted, mutated, or not expressed in a cell type, lead to ttimorigenesis in that cell 
type. Reintroduction of the deleted gene by means of a gene delivery vehicle leads to 
regression of the tumor phenotype in these cells. Examples of such cancers are 
retinoblastoma and Wilms Tumor. Since malignancy can be considered to be an 
inhibition of cellular terminal differentiation compared with cell growth, the alphavims 
15 vector delivery and expression of gene products which lead to differentiation of a tumor 
should also, in general, lead to regression. 

In yet another embodiment, the gene delivery vehicle provides a 
therapeutic effect by transcribing a ribozyme (an RNA enzyme) (Haseloff and Gerlach, 
Nature ii^:585, 1989) which will cleave and hence inactivate RNA molecules 
20 corresponding to a pathogenic function. Since ribozymes function by recognizing a 
specific sequence in the target RNA and this sequence is normally 12 to 17 bp, this 
allows specific recognition of a particular RNA species such as a RNA or a retroviral 
genome. Additional specificity may be achieved in some cases by making this a 
conditional toxic palliative {see below). 
25 One way of increasing the effectiveness of inhibitory palliatives is to 

express viral inhibitory genes in conjunction with the expression of genes which 
increase the probability of infection of the resistant cell by the virus in question. The 
result is a nonproductive "dead-end" event which would compete for productive 
infection events. In the specific case of HIV, gene delivery vehicles may be delivered 
30 which inhibit HIV replication (by expressing anti-sense tat, etc., as described above) 
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and also overexpress proteins required for infection, such as CD4. In this way, a 
relatively small number of vector-infected HlV-resistant cells act as a "sink" or 
"magnet" for multiple nonproductive fusion events with free virus or virally infected 
cells. 

5 

2. Blpgking Aggms 

Many infectious diseases, cancers, autoimmune diseases, and other 
diseases involve the interaction of viral panicles with cells, cells with cells, or cells with 
factors produced by themselves or other cells. In viral infections, viruses commonly 

10 enter cells via receptors on the surface of susceptible cells. In cancers or other 
proliferative conditions (e.g., restenosis), cells may respond inappropriately or not at all 
to signals from other cells or factors, or specific factors may be mutated, overexpressed, 
or underexpressed. resulting in loss of appropriate cell cycle control. In autoimmune 
disease, there is inappropriate recognition of "self markers. Within the present 

1 5 invention, such interactions may be blocked by producing, in vivo, an analogue to either 
of the parmers in an interaction. Alternatively, cell cycle control may be restored by 
preventing the transition from one phase to another {e.g., Gl to S phase) using a 
blocking factor which is absent or underexpressed. This blocking action may occur 
intracellularly, on the cell membrane, or extracellularly, and the action of an alphavims 

20 vector carrying a gene for a blocking agent, can be mediated either from inside a 
susceptible cell or by secreting a version of the blocking protein to locally block the 
pathogenic interaction. 

In the case of HIV, the two agents of interaction are the gp 120/gp 41 
envelope protein and the CD4 receptor molecule. Thus, an appropriate blocker would 

25 be a gene delivery vehicle expressing either an HIV env analogue that blocks HTV entry 
without causing pathogenic effects, or a CD4 receptor analogue. The CD4 analogue 
would be secreted and would function to protect neighboring cells, while the gp 120/gp 
41 is secreted or produced only intracellularly so as to protect only the vector- 
containing cell. It may be advantageous to add human immunoglobulin heavy chains or 

30 other components to CD4 in order to enhance stability or complement lysis. 
Administration of a gene delivery vehicle encoding such a hybrid-soluble CD4 to a host 
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results in a continuous supply of a stable hybrid molecule. Efficacy of treatment can be 
assayed by measuring the usual indicators of disease progression, including antibody 
level, viral antigen production, infectious HIV levels, or levels of nonspecific 
infections. 

5 In the case of uncontrolled proliferative states, such as cancer or 

restenosis, cell cycle progression may be halted by the expression of a number of 
different facrors that affect signaling by cyclins or cyclin-dependent kinases (CDK). 
For example, the cyclin-dependent kinase inhibitors, pi 6, p21, and p27 each regulate 
cyc!in:CDK mediated cell cycle signaling. Overexpression of these factors within a cell 

10 by a gene delivery vehicle results in a cytostatic suppression of cell proliferation. Other 
factors that may be used therapeutically, as blocking agents or targets to disrupt cell 
proliferation, include, for example, wild-type or mutant Rb, p53, Myc, Fos, Jun, PCNA, 
GAX, lentiviral v/?r and p 1 5. Within related embodiments, cardiovascular diseases such 
as restenosis or atherosclerosis may be treated or prevented with vectors that express 

15 products which promote re-endothelialization, or vascular remodeling (eg., VEGF, 
TFPI, SOD). 

3. Exprgssion ofPalliauygs 

Techniques similar to those described above can be used to produce gene 

20 delivery vehicles which direct the expression of an agent (or "palliative") which is 
capable of inhibiting a function of a pathogenic agent or gene. Within the present 
invention, "capable of inhibiting a function" means that the palliative either directly 
inhibits the function or indirectly does so, for example, by converting an agent present 
in the cells from one which would not normally inhibit a function of the pathogenic 

25 agent to one which does. Examples of such functions for viral diseases include 
adsorption, replication, gene expression, assembly, and exit of the virus from infected 
cells. Examples of such functions for a cancerous cell, cancer-promoting growth factor, 
or uncontrolled proliferative condition {e.g., restenosis) include viability, cell 
repUcation, altered susceptibility to external signals (e.g., contact inhibition), and lack 

30 of production or production of mutated forms of anti-oncogene proteins. 
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a. Inhibitor Palliatives 

In one aspect of the present invention, the gene delivery vehicle directs 
the expression of a gene which can interfere with a function of a pathogenic agent, for 
5 instance in viral or malignant diseases. Such expression may either be essentially 
continuous or in response to the presence in the cell of another agent associated either 
with the pathogenic condition or with a specific cell type (an "identifying agent"). In 
addition, vector delivery may be controlled by targeting vector entry specifically to the 
desired cell type (for instance, a virally infected or malignant cell) as discussed above. 
10 One method of administration is leukophoresis, in which about 20% of 

an individual's PBLs are removed at any one time and manipulated in vitro. Thus, 
approximately 2x10"^ cells may be treated and replaced. Repeat treatments may also be 
performed. Alternatively, bone marrow may be treated and allowed to amplify the 
effect as described above. In addition, packaging cell lines producing a vector may be 
1 5 directly injected into a subject, allowing continuous production of recombinant virions. 

In one embodiment, gene delivery vehicles which express RNA 
complementary to key pathogenic gene transcripts (for example, a viral gene product or 
an activated cellular oncogene) can be used to inhibit translation of that transcript into 
protein, such as the inhibition of translation of the HIV tat protein. Since expression of 
20 this protein is essential for viral replication, cells containing the gene delivery vehicle 
would be resistant to HIV replication. 

In a second embodiment, where the pathogenic agent is a single-stranded 
virus having a packaging signal, RNA complementary to the viral packaging signal 
{e,g„ an HIV packaging signal when the palliative is directed against HIV) is expressed, 
25 so that the association of these molecules with the viral packaging signal will, in the 
case of reux)viruses, inhibit stem loop formation or tRNA primer binding required for 
proper encapsidation or replication of the alphavirus RNA genome. 

In a third embodiment, a gene delivery vehicle may be introduced which 
expresses a palliative capable of selectively inhibiting the expression of a pathogenic 
30 gene, or a palliative capable of inhibiting the activity of a protein produced by the 
pathogenic agent In the case f HIV, one example is a mutant tat protein which lacks 
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the ability to transactivate expression from the HIV LTR and interferes (in a 
transdominant manner) with the normal functioning of tat protein. Such a mutant has 
been identified for HTLV II tat protein ("XU Leu^" mutant; see Wachsman etal., 
Science 235:61 A, 1987). A mutant transrepressor tat should inhibit replication much as 
5 has been shown for an analogous mutant repressor in HSV-1 (Friedmann et al.. Nature 
335-A52, 1988). 

Such a transcriptional repressor protein can be selected for in tissue 
culuire using any viral-specific transcriptional promoter whose expression is stimulated 
by a virus-specific transactivating protein (as described above). In the specific case of 
10 HIV, a cell line expressing HIV tat protein and the HSVTK gene driven by the HIV 
promoter will die in the presence of ACV. However, if a series of mutated tat genes are 
introduced to the system, a mutant with the appropriate properties {i.e., represses 
transcription from the HIV promoter in the presence of wild-type tat) will grow and be 
selected. The mutant gene can then be reisolated from these cells. A cell line 
15 containing multiple copies of the conditionally lethal vector/tat system may be used to 
assure that surviving cell clones are not caused by endogenous mutations in these genes. 
A battery of randomly mutagenized tat genes are then introduced into these cells using a 
"rescuable" alphavims vector (/.e, one that expresses the mutant tat protein and 
contains a bacterial origin of replication and drug resistance marker for growth and 
20 selection in bacteria). This allows a large number of random mutations to be evaluated 
and permits facile subsequent molecular cloning of the desired mutant cell line. This 
procedure may be used to identify and utilize mutations in a variety of viral 
transcriptional activator/viral promoter systems for potential antiviral therapies. 

25 b. Conditional Toxic PalliatwPQ 

Another approach for inhibiting a pathogenic agent is to express a 
palhative which is toxic for the cell expressing the pathogenic condition. In this case, 
expression of the palliative from the gene delivery vehicle should be limited by the 
presence of an entity associated with the pathogenic agent, such as a specific viral RNA 

30 sequence identifying the pathogenic state, in order to avoid destruction of 
nonpathogenic cells. 
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In one embodiment of this method, a gene delivery vehicle can be 
utilized to express a toxic gene (as discussed above) from a cell-specific responsive 
vector. In this manner, rapidly replicating cells, which contain the RNA sequences 
capable of activating the cell-specific responsive vectors, are preferentially destroyed by 
5 the cytotoxic agent produced by the gene delivery vehicle. 

In a similar manner to the preceding embodiment, the gene delivery 
vehicle can carry a gene for phosphorylation, phosphoribosylation, ribosylation, or 
other metabolism of a purine- or pyrimidine-based drug. This gene may have no 
equivalent in mammalian cells and might come from organisms such as a virus, 
10 bacterium, fungus, or protozoan. .\n example of this would be the E. coli guanine 
phosphoribosyl transferase gene product, which is lethal in the presence of thioxanthine 
(see Besnard etal., Mol. Cell. BioL 7:4139-4141, 1987). Conditionally lethal gene 
products of this type (also referred to as "prodrugs convening enzymes" above) have 
application to many presently Icnown purine- or pyrimidine-based anticancer dmgs, 
15 which often require intracellular ribosylation or phosphorylation in order to become 
effective cytotoxic agents. The conditionally lethal gene product could also metabolize 
a nontoxic drug which is not a purine or pyrimidine analogue to a cytotoxic form {see 
Searle et ah, Brit. J. Cancer 55:377-384, 1986). 

Mammalian viruses in general tend to have "immediate early" genes 
20 which are necessary for subsequent transcriptional activation from other viral promoter 
elements. RNA sequences of this nature are excellent candidates for activating 
alphavirus vectors intracellular signals (or "identifying agents") of viral infection. 
Thus, conditionally lethal genes expressed from alphavirus cell-specific vectors 
responsive to these viral "immediate early" gene products could specifically kill cells 
25 infected with any particular virus. Additionally, since the human and interferon 
promoter elements are transcriptionally activated in response to infection by a wide 
variety of nonrelated viruses, the introduction of vectors expressing a conditionally 
lethal gene product like HSVTK, for example, in response to interferon production 
could result in the destruction of cells infected with a variety of different viruses. 
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In another aspect of the present invention, gene delivery vehicles are 
provided which direct the expression of a gene product capable of activating an 
otherwise inactive precursor into an active inhibitor of the pathogenic agent. For 
example, the HSVTK gene product may be used to more effectively metabolize poten- 
5 tially antiviral nucleoside analogues such as A2T or ddC. The HSVTK gene may be 
expressed under the control of a cell-specific responsive vector and introduced into 
these cell types. AZT (and other nucleoside antivirals) must be metabolized by cellular 
mechanisms to the nucleotide triphosphate forni in order to specifically inhibit retroviral 
reverse transcriptase, and thus, HIV replication (Furmam et al., Proc, Natl Acad. ScL 

10 USA 5i:8333-8337, 1986). Constitutive expression of HSVTK (a nucleoside and 
nucleoside kinase with very broad substrate specificity) results in more effective 
metabolism of these drugs to their biologically active nucleotide triphosphate form. 
AZT or-ddC therapy will thereby be more effective, allowing lower doses, less 
generalized toxicity, and higher potency against productive infection. Additional 

15 nucleoside analogues whose nucleotide triphosphate forms show selectivity for 
retroviral reverse transcriptase but, as a result of the substrate specificity of cellular 
nucleoside and nucleotide kinases are not phosphorylated, will be made more 
efficacious. 

Administration of these gene delivery vehicles to human T cell and 
20 macrophage/monocyte cell lines can increase their resistance to HIV in the presence of 
AZT and ddC compared to the same cells without retroviral vector treatment. 
Treatment with AZT would be at lower than normal levels to avoid toxic side effects 
but still efficiently inhibit the spread of HIV, The course of treatment would be as 
described for the blocker. 
25 In one embodiment, the gene delivery vehicle carries a gene specifying a 

product which is not in itself toxic but, when processed or modified by a protein such as 
a protease specific to a viral or other pathogen, is converted into a toxic form. For 
example, the gene delivery vehicle could carry a gene encoding a proprotein for ricin A 
chain, which becomes toxic upon processing by the HIV protease. More specifically, a 
30 synthetic inactive proprotein form of the toxin ricin or diphtheria A chains could be 
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cleaved to the aciive form by arranging for the HIV virally encoded protease to 
recognize and cleave off an appropriate "pro" element. 

In another embodiment, the gene delivery vehicle may express a 
"reporting product" on the surface of the target cells in response to the presence of an 
5 identifying agent in the cells (such as expression of a viral gene). This surface protein 
can be recognized by a cytotoxic agent, such as antibodies for the reporting protein, or 
by cytotoxic T cells. In a similar manner, such a system can be used as a detection 
system (see below) to simply identify those cells having a particular gene which 
expresses an identifying protein. 
JO Similarly, in another embodiment, a surface protein could be expressed 

which would itself be therapeutically beneficial. In the particular case of HIV, 
expression of the human CD4 protein specifically in HIV-infected cells may be 
beneficial in two ways: 

1. Binding of CD4 to HIV env intracellulariy could inhibit the 
15 formation of viable viral particles, much as soluble CD4 has been shown to do for free 

virus, but without the problem of systematic clearance and possible immunogenicity, 
since the protein will remain membrane bound and is structurally identical to 
endogenous CD4 (to which the patient should be immunologically tolerant). 

2. Since the CD4/HIV env complex has been implicated as a cause 
20 of cell death, additional expression of CD4 (in the presence of excess HJV-env present 

in HIV-infected cells) leads to more rapid cell death and thus inhibits viral 
dissemination. This may be particularly applicable to monocytes and macrophages, 
which act as a reservoir for virus production as a result of their relative refractility to 
HIV-induced cytotoxicity (which, in turn, is apparently due to the relative lack of CD4 

25 on their cell surfaces). 

In another embodiment, the gene delivery vehicle can provide a 
ribozyme which will cleave and inactivate RNA molecules essential for viability of the 
vector infected cell. By making ribozyme production dependent on a specific RNA 
sequence corresponding to the pathogenic state, such as HIV tat, toxicity is specific to 

30 the pathogenic state. 
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4. Expression of Markers 

The above-described technique of expressing a palliative in a cell in 
response to a specific RNA sequence can also be modified to enable detection of a 
5 panicular gene in a cell which expresses an identifying protein (for example, a gene 
carried by a particular virus), and hence enable detection of cells carrying that virus. In 
addition, this technique enables the detection of viruses (such as HIV) in a clinical 
sample of cells carrying an identifying protein associated with the viras. 

This modification can be accomplished by providing a genome coding 
10 for a product, the presence of which can be readily identified (the "marker product"), in 
a gene delivery vehicle which responds to the presence of the identifying protein in the 
infected cells. For example, HIV, when it infects suitable cells, makes tat and rev. The 
indicator cells can thus be provided with a genome (such as by infection with an 
appropriate recombinant alphavirus) which codes for a marker gene, such as the alkaline 
15 phosphatase gene, p-galactosidase gene, or the luciferase gene which is expressed by 
the recombinant alphavirus upon activation by the tat and/or rev RNA transcript. In the 
case of P-galactosidase or alkaline phosphatase, exposing the cells to substrate 
analogues results in a color or fluorescence change if the sample is positive for HIV. In 
the case of luciferase. exposing the sample to luciferin will result in luminescence if the 
20 sample is positive for HIV. For intracellular enzymes such as P-galactosidase, the viral 
titre can be measured directly by counting colored or fluorescent cells, or by making 
cell exu-acts and performing a suitable assay. For the membrane bond form of alkaline 
phosphatase, virus titre can also be measured by performing enzyme assays on the cell 
surface using a fluorescent substrate. For secreted enzymes, such as an engineered form 
25 of alkaline phosphatase, small samples of culture supernatant are assayed for activity, 
allowing continuous monitoring of a single culture over time. Thus, different forms of 
this marker system can be used for different purposes. These include counting active 
virus, or sensitively and simply measuring viral spread in a culture and the inhibition of 
this spread by various drugs. 
30 Further specificity can be incorporated into the preceding system by 

testing for the presence of the virus either with or without neutralizing antibodies to that 
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virus. For example, in one ponion of the clinical sample being tested, neutralizing 
antibodies to HIV may be present; whereas in another portion there would be no 
neutralizing antibodies. If the tests were negative in the system where there were 
antibodies and positive where there were no antibodies, this would assist in confiraiing 
5 the presence of HIV. 

Within an analogous system for an in vitro assay, the presence of a 
particular gene, such as a viral gene, may be determined in a cell sample. In this case, 
the cells of the sample are infected with a suitable gene delivery vehicle which carries 
the reporter gene which is only expressed in the presence of the appropriate viral RNA 

10 transcript. The reponer gene, after entering the sample ceils, will express its reponing 
product (such as f3-galactosidase or luciferase) only if the host cell expresses the 
appropriate viral proteins. 

These assays are more rapid and sensitive, since the reponer gene can 
express a greater amount of reporting product than identifying agent present, which 

1 5 results in an amplification effect. 

5. Immune Down-Repulatinn 

As described above, the present invention also provides gene delivery 
vehicles capable of suppressing one or more elements of the immune system in target 

20 cells infected with the alphavirus. Briefly, specific down-regulation of inappropriate or 
unwanted immune responses, such as in chronic hepatitis or in transplants of 
heterologous tissue such as bone marrow, can be engineered using immune-suppressive 
viral gene products which suppress surface expression of transplantation (MHC) 
antigen. Group C adenoviruses Ad2 and Ad5 possess a 19 kd glycoprotein (gp 19) 

25 encoded in the E3 region of the virus. This gp 19 molecule binds to class I MHC 
molecules in the endoplasmic reticulum of cells, and prevents terminal glycosylation 
and translocation of class I MHC to the cell surface. For example, prior to bone marrow 
transplantation, donor bone marrow cells may be infected with a gp 19-encoding gene 
delivery vehicle which, upon expression of the gp 19, inhibit the surface expression of 

30 MHC class I transplantation antigens. These donor cells may be transplanted with low 
risk of graft rejection and may require a minimal immunosuppressive regimen for the 
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transplant patient. This may allow an acceptable donor-recipient chimeric state to exist 
with fewer complications. Similar treatments may be used to treat the range of so- 
called autoimmune diseases, including lupus erythromiatis, multiple sclerosis, 
rheumatoid arthritis or chronic hepatitis B infection. 
5 An alternative method involves the use of anti-sense message, ribozyme, 

or other specific gene expression inhibitor specific for T cell clones which are 
autoreactive in nature. These block the expression of the T cell receptor of particular 
unwanted clones responsible for an autoimmune response. The anti-sense, ribozyme, or 
oilier gene may be introduced using the viral vector delivery system. 

10 

6. Replacement or AnpmenTation Gene Therapy 

One further aspect of the present invention relates to transforming cells 
of a vertebrate or insect with a gene delivery vehicle which supplies genetic sequences 
capable of expressing a therapeutic protein. Within one embodiment of the present 

15 invention, the gene delivery vehicle is designed to express a ther^eutic protein enable 
of preventing, inhibiting, stabilizing or reversing an inherited or noninherited genetic 
defect in metabolism, immune regulation, hormonal regulation, enzymatic or membrane 
associated structural function. This embodiment also describes the gene delivery 
vehicle capable of transducing individual cells, whereby the therapeutic protein is able 

20 to be expressed sysiemically or locally from a specific cell or tissue, whereby the 
therapeutic protein is capable of (a) the replacement of an absent or defective cellular 
protein or enzyme, or (b) supplement production of a defective of low expressed 
cellular protein or enzyme. Such diseases may include cystic fibrosis, Parkinson's 
disease, hypercholesterolemia, adenosine deaminase deficiency, B-globin disorders, 

25 Hemophilia A & B, Gaucher's disease, diabetes and leukemia. 

As an example of the present invention, a gene delivery vehicle can be 
constructed and utilized to treat Gaucher disease. Briefly, Gaucher disease is a genetic 
disorder that is characterized by the deficiency of the enzyme glucocerebrosidase. This 
type of therapy is an example of a single gene replacement therapy by providing a 

30 functional cellular enzyme. This enzyme deficiency leads to the accumulation of 
glucocerebroside in the lysosomes of all cells in the body. However, the disease 
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phenotype is manifested only in the macrophages, except in the very rare neuronpaihic 
forms of the disease. The disease usually leads to enlargement of the liver and spleen 
and lesions in the bones. (For a review, see Science 256:194, 1992. and 77ze Metabolic 
Basis of Inherited Disease, 6th ed., Scriver et al., vol. 2, p. 1677). 
5 Gene delivery vehicles can similarly be utilized to deliver a wide variety 

of therapeutic proteins in order to treat, cure, prevent a disease or disease process. 
Representative examples of such genes include, but are not limited to, insulin {see U.S. 
4,431,740 and BE 885196A), hemoglobin (Lawn et al. Cell 21:641-51, 1980), 
erythropoietin (EPO; see U.S. 4,703,008), megakaryocyte growth and differentiation 
10 factor (MGDF), stem cell factor (SCF), G-CSF (Nagata et al., Xature iyp:415-418, 
1986). GM-CSF, M-CSF (see WO 8706954). the flt3 ligand (Lyman et al. (1993). Cell 
75:1157-1167), EGF, acidic and basic FGF, PDGF. members of the interleukin or 
interferon families, supra, neurotropic factors (e.g., BDNF; Rosenthal et al.. 
Endocrinology 7 JP: 1289-1294, 1991, NT-3; see WO 9103569, CNTF; see WO 
15 9104316, NGF; see WO 9310150), coagulation factors {e.g., factors VIII and IX). 
thrombolytic factors such as t-PA {see EP 292009, AU 8653302 and EP 174835) and 
streptokinase {see EP 407942), human growth hormone {see JP 94030582 and U.S. 
4,745,069) and other animal somatotropins, integrins and other cell adhesion molecules, 
such as ICAM-1 and ELAM {see also other "heterologous sequences" discussed above), 
20 and other growth factors, such as IGF-I and IGF-II, TGF-p, osteogenic protein- 1 
(Ozka>'nak et ai., EMBOJ. 9:2085-2093. 1990), and other bone morphogenetic proteins 
{e.g., BMP-4. Nakase et al, J. Bone Miner. Res. P:65 1-659, 1994). 

7. Lvmohokines and Lvmnhokine Receptors 

25 As noted above, the present invention also provides gene delivery 

vehicles which can, among other functions, direct the expression of one or more 
cytokines or cytokine receptors. Briefly, in addition to their role as cancer therapeutics, 
cytokines can have negative effects resulting in certain pathological conditions. For 
example, most resting T-cells, B cells, large granular lymphocytes and monocytes do 

30 not express IL-2R (receptor). In contrast to the lack of IL-2R expression on noraial 
resting cells, IL-2R is expressed by abnormal cells in patients with certain leukemias 
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(ATL, Hairy-celL Hodgkins, acute and chronic granulocytic), autoimmune diseases, and 
is associated with allograft rejection. Interestingly, in most of these patients the serum 
concentration of a soluble form of IL-2R is elevated. Therefore, with certain 
embodiments of the invention therapy may be effected by increasing the serum 
5 concentration of the soluble form of the cytokine receptor. For example, in the case of 
IL-2R, a gene delivery vehicle can be engineered to produce both soluble IL-2R and IL- 
2R, creating a high affinity soluble receptor. In this configuration, serum IL-2 levels 
would decrease, inhibiting the paracrine loop. This same strategy also may be effective 
against autoimmune diseases. In particular, because some autoimmune diseases (e.g., 

10 Rheumatoid arthritis, SLE) also are associated with abnormal expression of IL-2, 
blocking the action of IL-2 by increasing the serum level of receptor may also be 
utilized in order to treat such autoimmune diseases. 

In other cases inhibiting the levels of IL-1 may be beneficial. Briefly, 
IL-l consists of two polypeptides, IL-1 and IL-1. each of which has plieotropic effects. 

15 IL-1 is primarily synthesized by mononuclear phagocytes, in response to stimulation by 
microbial products or inflammation. There is a naturally occurring antagonist of the 
IL-IR, referred to as the IL-1 Receptor antagonist ("IL-lRa"). This IL-IR antagonist 
has the same molecular size as mature IL-1 and is structurally related to it. However, 
binding of IL-lRa to the IL-IR does not initiate any receptor signaling. Thus, this 

20 molecule has a different mechanism of action than a soluble receptor, which complexes 
with the cytokine and thus prevents interaction with the receptor. IL-1 does not seem to 
play an important role in normal homeostasis. In animals, antibodies to IL-1 receptors 
reduce inflanmiation and anorexia due to endotoxins and other inflammation inducing 
agents. 

25 In the case of septic shock, IL-1 induces secondary compounds which 

are potent vasodilators. In animals, exogenously supplied IL-1 decreases mean arterial 
pressure and induces leukopenia. Neutralizing antibody to IL-1 reduced endotoxin- 
induced fever in animals. In a study of patients with septic shock who were treated with 
a constant infusion of IL-IR for three days, the 28 day mortality was 16% compared to 

30 44% in patients who received placebo infusions. In the case of autoinmiune disease. 
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reducing the activity of IL-1 reduces inflammation. Similarly, blocking the activity of 
IL-1 with recombinant receptors can result in increased allograft survival in animals, 
again presumably by decreasing inflammation. 

These diseases provide further examples where gene delivery vehicles 
5 may be engineered to produce a soluble receptor or more specifically the IL-lRa 
molecule. For example, in patients undergoing septic shock, a single injection of IL- 
IRa producing vector particles could replace the current approach requiring a constant 
infusion of recombinant IL-IR. 

Cytokine responses, or more specifically, incorrect cytokine responses 
10 may also be involved in the failure to control or resolve infectious diseases. Perhaps the 
best studied example is non-healing forms of leishmaniasis in mice and humans which 
have strong, but counterproductive TH2-dominated responses. Similarly, 
lepromotomatous leprosy is associated with a dominant, but inappropriate Th2 response. 
In these conditions, gene delivery vehicles may be useful for increasing circulating 

15 levels of IFN gamma, as opposed to the site-directed approach proposed for solid tumor 
therapy. IFN gamma is produced by Th-1 T-cells, and functions as a negative regulator 
of Th-2 subtype proliferation. IFN gamma also antagonizes many of the IL-4 mediated 
effects on B -cells, including isotype switching to IgE. 

IgE, mast cells and eosinophils are involved in mediating allergic 

20 reaction. IL-4 acts on differentiating T-cells to stimulate Th-2 development, while 
inhibiting Th-1 responses. Thus, aiphavirus-based gene therapy may also be 
accomphshed in conjunction with traditional allergy therapeutics. One possibility is to 
deliver a gene delivery vehicle which produces IL4R with small amounts of the 
offending allergen (/.e., traditional allergy shots). Soluble IL-4R would prevent the 

25 activity of IL-4. and thus prevent the induction of a strong Th-2 response. 

8. Suicide Vectors 

One further aspect of the present invention relates to the use of gene 
delivery vehicle suicide vectors to limit the spread of wild-type alphavirus in the 
30 packaging/producer cell lines. Briefly, within one embodiment the gene delivery 
vehicle is comprised of an antisense or ribozyme sequence specific for the wild-type 
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alphavirus sequence generated from an RNA recombination event between the 3' 
sequences of the junction region of the vector, and the 5' alphavirus structural sequences 
of the packaging cell line expression vector. The antisense or ribozyme molecule would 
only be thermostable in the presence of the specific recombination sequence and would 
5 not have any other effect in the alphavirus packaging/producer cell line. Altematively, 
a toxic molecule (such as those disclosed herein), may also be expressed in the context 
of a vector that would only express in the presence of wild-type alphavirus. 

9- Ggng Pdiverv vehi cles to Prevf^^t the Spread of Metastatic -^--y^QY ^ 
10 One funher aspect of the present invention relates to the use of gene 

delivery vehicles for inhibiting or reducing the invasiveness of malignant neoplasms. 
Briefly, the extent of malignancy typically relates to vascularization of the tumor. One 
cause for tumor vascularization is the production of soluble tumor angiogenesis factors 
(TAF) (Paweletz et al., Crit. Rev, Oncol, HematoL P:197. 1989) expressed by some 
15 tumors. Within one aspect of the present invention, tumor vascularization may be 
slowed utilizing gene delivery vehicles to express antisense or ribozyme RNA 
molecules specific for TAF. Alternatively, anti-angiogenesis factors (Moses etal.. 
Science 248:\m, 1990; Shapiro et al., PNAS 5^:2238, 1987) may be expressed either 
alone or in combination with the above-described ribozymes or antisense sequences in 
order to slow or inhibit tumor vascularization. Altematively, gene delivery vehicles can 
also be used to express an antibody specific for the TAF receptors on surrounding 
tissues. 

10. Administration of Gene D eliverv Vehicles 

Within other aspects of the present invention, methods are provided for 
administering a gene deliveiy vehicle to a vertebrate or insect. Briefly, the fmai mode 
of gene delivery vehicle administration usually relies on the specific therapeutic 
application, the best mode of increasing vector potency, and the most convenient route 
of administratiori. Generally, this embodiment includes gene delivery vehicles which 
can be designed to be delivered by, for example, (1) direct injection into the blood 
stream; (2) direct injection into a specific tissue or tumor; (3) oral administration; 
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(4) nasal inhalation; (5) direct application to mucosal tissues; or (6) ex vivo 
administration of transduced autologous cells into the vertebrate or insect. Within 
certain embodiments of the invention, for ex vivo applications cells can be first removed 
from a host, positively and/or negatively selected in order to yield a population of cells 
5 which is at least partially purified {e,g,, CD34' stem cells. T cells, or the like), 
transduced, transfected, or, infected with one of the gene delivery vehicles of the 
present invention, and reintroduced into either the same host or another individual. 

Thus, the therapeutic gene delivery vehicle can be administered in such a 
^ashion such that the vector can (a) transduce a normal healthy cell and transform the 
10 cell into a producer of a therapeutic protein or agent which is secreted systemically or 
locally, (b) transform an abnormal or defective cell, transforming the cell into a normal 
functioning phenoiype, (c) transform an abnormal cell so that it is destroyed, and/or 
(d) transduce cells to manipulate the immune response. 

15 11. Modulation of Transcription Factor Activity 

In yet another embodiment, gene delivery vehicles may be utilized in 
order to regulate the growth control activity of transcription factors in the infected cell. 
Briefly, transcription factors directly influence the pattern of gene expression through 
sequence-specific /ran^-activaiion or repression (Karin, New Biologist 27:126-131, 

20 1990). Thus, it is not surprising that mutated transcription factors represent a family of 
oncogenes. Gene delivery vehicles can be used, for example, to return control to tumor 
cells whose unregulated growth is activated by oncogenic transcription factors, and 
proteins which promote or inhibit the binding cooperatively in the formation of homo- 
and heterodimer frawj-activating or repressing transcription factor complexes. 

25 One method for reversing cell proliferation would be to inhibit the 

fra/w-activating potential of the c-myc/Max heterodimer transcription factor complex. 
Briefly, the nuclear oncogene c-mvc is expressed by proliferating cells and can be 
activated by several distinct mechanisms, including retroviral insertion, amplification, 
and chromosomal translocation. The Max protein is expressed in quiescent cells and, 

30 independently of c-myc, cither alone or in conjunction with an unidentified factor, 



SUBSTITUTE SHEET (RULE 26) 



wo 99/18226 



PCT/US98/21062 



89 

functions to repress expression of the same genes activated by the myc/Max 
heterodimer (Cole, Cell 65:715-716, 1991). 

Inhibition of c-myc or c-myc/Max proliferation of tumor cells may be 
accomplished by the overexpression of Max in target cells controlled by gene delivery 
5 vehicles. The Max protein is only 160 amino acids (corresponding to 480 nucleotide 
RNA length) and is easily incorporated into a gene delivery vehicle either 
independently, or in combination with other genes and/or antisense'ribozyme moieties 
targeted to factors which release growth control of the cell. 

Modulation of homo/hetero-complex association is another approach to 

10 control transcription factor activated gene expression. For example, u-ansport from the 
cytoplasm to the nucleus of the rra/i^-activating transcription factor NF-B is prevented 
while in a heterodimer complex with the inhibitor protein IB. Upon induction by a 
variety of agents, including cenain cytokines, IB becomes phosphorylated and NF-B is 
released and transported to the nucleus, where it can exert its sequence-specific 

15 fran^-activaung function (Baeuerle and Baltimore. Science 2^2:540-546, 1988). The 
dissociation of the NF-B/IB complex can be prevented by masking with an antibody the 
phosphorylation site of IB. This approach would effectively inhibit the rrans-activation 
activity of the NF-IB transcription factor by preventing its transport to the nucleus. 
Expression of the IB phosphorylation site specific antibody or protein in target cells 

20 may be accomplished with an alphavinis gene transfer vector. An approach similar to 
the one described here could be used to prevent the formation of the rra/z5-activating 
transcription heterodimer factor AP-1 (Turner and Tijan, Science 245:1689-1694, 
1989), by inhibiting the association between the jun and fos proteins. 

25 12. Production of Recombinant Proteins 

In another aspect of the present invention, togavirus (including 

alphavirus) gene delivery vehicles can be utilized to direct the expression of one or 

more recombinant proteins in eukaryotic cells (ex vivo, in vivo, or established cell hnes). 

As used herein, a "recombinant protein" refers to a protein, polypeptide, enzyme, or 
30 fragment thereof Using this approach, proteins having therapeutic or other commercial 

application can be more cost-effectively produced. Furthermore, proteins produced in 



siiBSTrruTs sheet (e^ULg as) 



wo 99/18226 



PCT/US98/21062 



90 

eukaryotic cells may be more authentically modified post-translationally (e.g., 
glycosylated, sulfated, acetylated, etc.). as compared to proteins produced in prokaryotic 
cells. In addition, such systems may be employed in the in vivo production of various 
chemical compounds, e.g., fine or specialty chemicals. 
5 Within this aspect, the gene delivery vehicle encoding the desired 

protein, enzyme, or enzymatic pathway (as may be required for the production of a 
desired chemical) is transformed, transfected, transduced or otherwise introduced into a 
suitable eukaryotic cell. Representative examples of proteins which can be produced 
using such a system include, but are not limited to, insulin (see U.S. 4,431,740 and BE 
10 885196A), hemoglobin (Lawn et al.. Cell 2I:647-5U 1980), erythropoietin (EPO; see 
U.S. 4,703,008), megakaryocyte growth and differentiation factor (MGDF), stem ceil 
factor (SCF), G-CSF (Nagaia et al., Nature J/P:415^18, 1986), GM-CSF, M-CSF (see 
WO 8706954), the flt3 ligand (Lyman et al. (1993). Cell 75:1157-1167), EOF, acidic 
and basic FGF, PDGF, members of the interleukin or interferon families, supra, 
15 neurotropic factors (e.g., BDNF; Rosenthal et al.. Endocrinology 72^:1289-1294, 1991, 
NT-3; see WO 9103569, CNTF; see WO 9104316, NGF; see WO 9310150). 
coagulation factors (e.g., factors VIII and IX), thrombolytic factors such as t-PA (see EP 
292009. AU 8653302 and EP 174835) and streptokinase (see EP 407942), human 
growth homone (see S? 94030582 and U.S. 4.745,069) and other animal 
20 somatotropins, integrins and other cell adhesion molecules, such as ICAM-1 and ELAM 
(see also other "heterologous sequences" discussed above), and other growth factors, 
such as VEGF, IGF-I and IGF-II, TGF-p, osteogenic protein- 1 (Ozkaynak et al., EMBO 
y, P:2085-2093, 1990), and other bone or cartilage morphogenetic proteins (e.g., BMP- 
4, Nakase et al, J. Bone Miner Res, 9:651-659. 1994). As those in the art will 
25 appreciate, once characterized, any gene can be readily cloned into gene delivery 
vehicles according to the present invention, followed by introduction into a suitable host 
cell and expression of the desired gene. In addition, such vectors may be delivered 
directly in vivo, either locally or systemically to promote the desired ther^eutic effect 
(e.g., wound healing applications). 
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Methods for producing recombinant proteins using the vectors and 
alphavirus packaging cell lines described herein are provided (see examples 6 and 7). 
Briefly, gene delivery vehicles, in the form of /« vitro transcribed RNA, plasmid DNA, 
or recombinant vector particles, which encode recombinant proteins, may be introduced 
5 (via transfection or infection) into alphavirus packaging cell lines (PCLs) such that only 
a small fraction of the cultured cells (<1%) contain vector molecules. Vector replicons 
are packaged by the sPs, supplied in trans by the PCL, following vector RNA 
amplification, which proceeds according to the Sindbis virus replication strategy. In 
turn, the produced recombinant vector particles infect the remaining cells of the culture. 
10 Thus, a bloom of recombinant protein expression results over time as recombinant 
vector panicles are produced and subsequently infect all cells in the PCL culture. 
Similarly, amplification of vector particles with PCL may be used to generate large, 
high titer particle stocks for other applications. In yet another aspect of this invention, 
recombinant protein expression from producer cell lines is described (see Example 7). 
1 5 Briefly, cell lines are derived which contain all of the genetic elements, including vector 
replicon and defective helper expression cassettes, from which the production of vector 
particles can be induced, via addition of an extracellular stimulus to the culture. Thus, 
expression of vector-encoded recombinant protein occurs as a result of induction of 
alphavirus vector panicle producer cell lines. In yet a still further aspect of this 
20 invention, recombinant protein expression from cell lines stably transformed with 
eukaryotic layered vector initiation systems are described (see Example 7), Briefly, cell 
lines are derived which are stably transformed with an inducible eukaryotic layered 
vector initiation system cassette that encodes a recombinant protein of interest. Thus, 
expression of vector-encoded recombinant protein occurs as a result of induction of the 
25 eukaryotic layered vector initiation system cassette. 

As should be readily understood given the disclosure provided herein, 
protein production utilizing RNA vectors replicons, eukaryotic layered vector initiation 
systems, or recombinant vector particles may also be accomplished by methods other 
than introduction into packaging or producer cell lines. For example, such vectors may 
30 be introduced into a wide variety of other eukaryotic host cell lines (e.g., COS, BHK, 
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CHO, 293, or HeLa cells), as well as direct administration in vivo or to ex vivo cells, in 
order to produce the desired protein. 



J. Deposit Information 

The following materials have been deposited with the American Type 
Culture Collection: 



Wild type Sindbis virus 
SIN-1 Sindbis virus 
pBG-SINl ELVS1.5SEAP 



DgSignation Deposit Date 



CMCC ^619 
CMCC ^^4640 
CMCC #f4641 



April 2, 1996 
April 2, 1996 
April 2, 1996 



Accession 

No. 
VR-2526 
VR.2527 
97502 



The above materials were deposited by Chiron Corporation with the 
American Type Culture Collection (ATCC), 12301 Paridawn Drive, Rockville, 
Maryland under the terms of the Budapest Treaty on the International Recognition of 
the Deposit of Microorganisms for purposes of Patent Procedure. The accession 
number is available from the ATCC at telephone number (301) 881-2600. 

These deposits are provided as convenience to those of skill in the an, 
and are not an admission that a deposit is required under 35 US.C, § 1 12. The nucleic 
acid sequence of these deposits, as well as the amino acid sequence of the polypeptides 
encoded thereby, are incorporated herein by reference and should be referred to in the 
event of an error in the sequence described therein. A license may be required to make, 
use, or sell the deposited materials, and no such license is granted hereby. 

The following examples are included to more fully illustrate the present 
invention. Additionally, these examples provide preferred embodiments of the 
invention and are not meant to limit the scope thereof. Standard methods for many of 
the procedures described in the following examples, or suitable alternative procedures, 
are provided in widely reorganized manuals of molecular biology, such as. for example, 
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"Molecular Cloning," Second Edition (Sambrook et al.. Cold Spring Harbor Laboratory 
Press, 1987) and "Current Protocols in Molecular Biology" (Ausubel et al., eds. Greene 
Associates/Wiley Interscience. NY. 1990). 
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EXAMPLES 

EXAMPLE! 

Isolation and Characterization of SinI 

5 

Below, the identification and molecular characterization of a positive 
strand RNA virus which exhibits reduced inhibition of host macromolecular synthesis 
and is capable of establishing persistent infection in vertebrate cells, as compared to 
lytic, cytopathogenic wild type strains of the same virus, is described. For example. 
1 0 Sindbis virus is used as a prototype representative of the Alphavirus genus. 

A. Isolation, plaque purification, and characteri7ation of SFN-l from a wild-tvp R 
Sindbis virus stock 

The isolation, molecular cloning, and characterization of a Sindbis vims 

1 5 variant strain is described. This strain is able to establish productive persistent infection 

in the absence of cytopathicity, but produce levels of virus equivalent to that of 

wild-type virus. 

A high-titercd (>lo' PFU/mi) wild-type stock obtained by infection of 
BHK cells (ATCC No. CCL-10) with Sindbis virus (CMCC #4639) at low MOI (< 0,1). 

20 To facilitate infection, the virus inoculum was contained in a volume just sufEciem to 
cover the monolayer when added to the cells. BHK cells were maintained, and all vims 
dilutions were performed, in Eagle minimal essential medium supplemented with 10% 
fetal calf serum. Cells were cultured at ll^C in a 5% CO^ atmosphere. Extensive CPE, 
as demonstrated by "rounding up", loss of adhesion, and increased light refraction of 

25 individual cells within the monolayer, and additionally, the decreased overall cell 
density of the monolayer, was observed within 48 hours post infection (hpi). The cell 
culture fluids were collected, cell debris was removed by low speed centrifiigation 
(4,000 rpm for 10 min at room temperature), and the virus stock was aliquoted and 
stored at -70°C. The titer of tiie Sindbis virus stock was determined by plaque assay as 

30 described previously (Strauss et al.. Virology 7-/:154-168, 1976). Briefly, chicken 
embryo fibroblasts (CEF) monolayers were infected with various dilutions of the virus 
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Stock and the monolayer overlayed with media supplemented with 0.75% agarose. At 
24-48 hpi plaques due to cell lysis were visualized and quantitated either directly or. 
alternatively, by staining with crystal violet after removing the agarose overlay. The 
virus titer was determined from samples infected with virus dilutions in which the 
5 plaques were accurately quantitated. 

A Sindbis virus stock enriched for DI particles was obtained by repeated 
high MOI passage (> 5) on BHK cells. BHK monolayers were infected initially with 
the Sindbis virus seed stock at an MOI = 5. The culture medium was collected and 
clarified by low speed centrifugation after complete cell lysis of the infected culture was 
10 observed (usually within 24 hpi). The clarified medium collected from the infected 
culmre was then used to infect a fresh BHK monolayer. For example, 2 ml of the virus 
inoculum was added to a fresh BHK monolayer in a 10 cm petri dish. At 1 hpi, 8 ml of 
fresh medium was added to the virus-infected culture. As described above, the culture 
medium was collected and clarified after observation of complete cell lysis of the 
1 5 culture. This process was repeated until the rate at which cytopathogenicity in the BHK 
monolayer developed after infection was delayed until at least 4 days. The delay in the 
onset of cytopathogenicity after infection signifies the presence of a high level of DI 
particles in the virus preparation. 

The presence of a high level of DI particles in the virus preparation 
20 derived fix>m multiple serial undiluted passages of infected cell medium was determined 
by an interference assay or by RNA analysis of BHK infected cells. In the first method, 
a homologous interference assay was performed as a measure of the presence of DI 
particles. Briefly, BHK cells were infected alone at an MOI = 10 with the high-titered 

8 

(>10 PFU/ml) wild-type stock prepared as described above At 16 hpi, the virus yield 
25 was determined by plaque assay, as described above. The virus yield from this 
experiment was typically 1 x lo' to I x lo"* PFU/ml. In another experimental group, 
BHK cells were simultaneously coinfccted with the wild-type stock (MOI = 10) and the 
virus stock prepared from multiple serial undiluted passages of infected cell medium 
(MOI = 5). As before, the virus yield was determined at 16 hpi by plaque assay. If the 
30 virus stock bom the second experimental group contains a high level of DI particles, the 
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virus yield will be at least 2-3 orders of magnitude lower than the first experiment (e.g„ 
< I X lo'PFU/ml). 

As a more definitive method for demonstrating the presence of DI 
particles in the virus preparation, virus-specific RNA in BHK infected cells at 16 hpi 
5 was analyzed. Briefly, BHK cells were infected (MOI = 10) with the high-titered (>lo' 
PFU/ml) wild-type stock or with the virus stock containing DI particles. Mock-infected 
controls and infected cells were treated with dactinomycin (1 mg/ml) and labeled with 
['H]uridine (20 mCi/ml) from 1 to 16 hpi. RNA was isolated from infected and control 
cells by using RNAzoI B, as described by the manufacturer (Tel-Test, Inc., 
10 Friendswood, Texas). Alternatively, RNA was isolated with Tri-Reagent (Molecular 
Research Center, Inc., Cincinnati, Ohio), or by conventional methods using phenol 
extraction of cells lysed in a buffer (0.05 M Tris, 0.1 M NaCl, 0.001 M EDTA, pH 7.5) 
containing 0.5% Triton and 0.5% recrystallized naphthalene disulfonate, as described 
by Weiss et al. (7. ViroL I4:m9-\ 198, 1974). The RNAs were denanu-ed with glyoxal 
15 and electrophoresed through 1.1% horizontal agarose gels prepared in O.OIM sodium 
phosphate buffer (pH 7.0), at 5V/cm (McMaster and Caimichael, Proc. Natl. Acad ScL 
USA 7^:4835-4838, 1977). Alternatively, RNA can be electrophoresed through 
formaldehyde gels. Following electrophoresis, all moismre was removed from the gels 
under vacuum with a gel dryer, and the dried gels were treated for fluorography and 
20 exposed to film. Two RNAs, corresponding to the genomic and subgenomic species 
(42S and 26S, respectively), were observed in samples from BHK cells infected with 
the wild-type virus stock. In contrast, a large number of RNA species that are distinct 
from the standard viral 42S and 26S RNAs were observed in samples from BHK cells 
infected with the virus stock containing DI particles. Multiple RNAs corresponding to 
25 DI RNAs migrated predominantly at molecular weights smaller than the 26S RNA 
species from wild-type virus. An example of multiple RNAs in addition to the 42S and 
26S species observed in BHK cells infected with a virus stock containing DI particles 
may be seen in Figure 3, lane 3, of Weiss et al. (J. Virol. ii:463-474, 1980). 

A Sindbis virus variant strain which is able to establish productive 
30 persistent infection v^dth decreased cytopathogenicity was isolated and molecularly 
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cloned from a virus stock enriched for DI panicles. BHK cells were infected at high 
multiplicity (MOI = 5) with the Sindbis virus stock enriched for DI panicles. 
Cytopathogenicity developed slowly compared to infection of BHK cells with wild-type 
virus; however, most cells were eventually lysed and detached from the plate. Cell 
5 debris and non-adherent cells were removed every two days by medium changes. 
Within two weeks after initial infection, separate and distinct colonies were observed. 
These colonies were thriving and demonstrated no morphological evidence of CPE, 
compared to uninfected BHK cell controls. Within 3-4 weeks, the cell colonies were 
large and discernible to the naked eye. The colonies were isolated with cloning rings, 

10 and the cells were dispersed with either 3 mM EDTA or trypsin. Dispersed cells from 
each colony were replated without dilution. Thereafter, cells were subcultured at a 1:10 
dilution upon reaching confluency, generally within four days. Ahquois of cells, 
designated BHK(SIN-l), were prepared in cryotubes after the fifth passage for long 
term storage in liquid nitrogen. BHK(SIN-1) cells were indistinguishable from the 

15 original, uninfected BHK cells in terms of growth rate or morphology. 

B. Molgcular Cloning of SIN-1 

To characterize the mutation(s) in the Sindbis genome which correlate 
with the development of the substantially reduced cytopathogenicity of SIN-1, genomic 
20 RNA from SIN-1 virions was isolated, reverse transcribed, and the resultant cDNA 
encompassing the nonstrucniral protein genes sequenced, as described more ftilly 
below. 

Briefly, the SIN-1 virus was plaque purified three times before 
preparation of a stock that was used for the isolation of RNA. The BHK(SIN-l) cells 

25 were grown as described above, the culture fluid was collected, and various dilutions 
were used to infect primary chicken embryo fibroblast monolayers (CEF, grown in 
minimal essential medium supplemented with 3% fetal calf serum). Following 
infection, medium containing 0.5% noble agar was added to the monolayers. 
Additionally, DEAE-dextran (100 jig/mL) can be included in the agar-overiay medium 

30 to increase the size of the SIN-1 plaques. Individual discreet plaques were observed 
after 3 days of incubation at 30**C in plates infected with suitably dilute inoculums of 
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the BHK(SIN-l) culture fluid. After the third round of purification, the cloned SIN-l 
virus was passaged once at 30*^0 in CEF cells infected at a MOI = 0.1. The plaque- 
purified SIN-l virus preparations were determined to be fi^e of DI panicles by the 
interference assay and RNA analysis in BHK infected cells, as described above. 
5 BHK cells were infected (MOI = 10) with the plaque purified SIN-l 

stock to determine the ability of this wild-type Sindbis virus variant strain to establish 
persistence. As described above, establishment of persistent infection in BHK cells 
with wild-type Sindbis virus requires the presence of DI particles in the virus 
preparation and considerable time to allow those few surviving cells to grow out. In 
1 0 contrast, persistent infection was readily established in BHU cells infected at 37°C with 
the SIN-l variant whether or not DI particles are present in the virus inoculum. At six 
days post infection with SIN-l, the BHK cells were completely resistant to 
superinfection with wild-type Sindbis virus, demonstrating establishment of a persistent 
infection. However, these cells were susceptible to infection by the heterologous virus, 
15 VSV, demonstrating that interferon is not involved in the establishment of SIN-l 
persistent infection. 

CEF cells were infected (MOI = 10) with the plaque purified SIN-l stock 
to generate a high titered stock of virus for the isolation of RNA. Ninety ml of culture 
fluid (2xl0'^FU/ml) was clarified by centrifiigation for 5 min at 2,500 rpm in a Sorvall 
20 GSA rotor. The SIN-l virus was pelleted fix)m the clarified culture fluid by 
centrifiigation in an SW27.1 rotor for 2h at 24,000 rpm, at 4°C. The virus pellet was 
then resuspended in 3 ml of culture media, homogenized by repeated pipetting, and 
layered on top of a 25-40% (w/w) sucrose gradient. This was followed by 
centrifiigation in an SW27.1 rotor for 4 h at 24,000 rpm, at 4*»C, The virus band was 
25 visualized with incandescent light illumination, and collected, with a 22 gauge 
needle/syringe. The RNA was purified fimher by Proteinase K (Boehringer Mannheim, 
IndianapoUs, Indiana) digestion (56*C, 1 hr). followed by extraction with an equal 
volume of H^O-saturated phenolxhlorform (1:1 v/v. pH 7.0). followed by precipitotion 
with 2 volumes of ethanol and 0.3 M sodium acetate, pH 5.2. 
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Alternatively, the SIN- 1 virus can be further purified by polyethylene 
glycol precipitation of infected BHK cell culture media (Strauss et al. Virology 
yii:I54-168, 1976), or alternatively by pelleting through a sucrose cushion (Polo et al. 
J. Virol. 52:2124-2133, 1988). 
5 Two rounds of fu^t strand cDNA synthesis were performed with the 

purified viral RNA, using the Moloney murine leukemia virus or Superscript II reverse 
transcriptases (Gibco-BRL, Gaithersburg. Maryland) according to the manufacturer's 
recommended conditions. Six separate reactions were performed, using the Sindbis 
virus specific primers complementary to the positive strand (primers denoted by R) 
10 shown below. All primers denoted by R were phosphorylated at their 5' end with 
polynucleotide kinase (New England Biolabs) prior to the first strand synthesis reaction 
to facilitate cloning. 
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Primer 



Location Seq. ID No. 



Sequence (5* -> 3') 



Enzyme Site 



T7/IF Sac VJ7:\-20 



1465R 1465-1451 



GGTGGAGCTCTAATACGACT Sac I 

CACTATAGATTGACGGCGTA 

GTACACAC 

AATTTCTGCCTCAGC Eco 47 III 



1003F 
2823R 



1003-1019 
2823-2806 



4 

5 



TATGCAAAGTTACTGAC 
CTGTCATTACTTCATGTC 



Eco 47 III 
BspHl 



1003F 
4303R 



1003-1019 
4303-4289 



4 

6 



TATGCAAAGTTACTGAC 
GCGTGGATCACnTC 



£co 47 ni 
^vrll 



405 IF 
8115R 



4051-4069 
8115-8101 



7 
8 



ATTGCGTGATTTCGTCCGT Avr II 

TAAATTTGAGCTTTG Pml I 



1680F 
8115R 



1680-1689 
8115-8101 



9 
8 



GGCATATGGCATTAGTTG 
TAAATTTGAGCTTTG 



BspHl 
Pml I 



8034F 8034-8052 
U.703R ATioI/dT,/ 
11703-11677 



10 CTGGCCATGGAAGGAAAGG Pml I 

1 1 CCCCTCGAGGGT(21)GAAATG Xho I 
TTAAAAACAAAATTTTGrrG 



Synthesis of the second strand from the cDNA template above was 
accomplished in six separate reactions with the Klcnow fragment of DNA polymerase I 
(New England Biolabs, Beverly, MA) according to the manufacturer's recommended 
5 conditions. Sindbis virus specific primers complementary to the negative strand 
(primers denoted by F shown above) were used. The double-stranded DNA products 
were substituted, stepwise, for the corresponding regions in the plasmid TotollOl, 
which contains the full-length Sindbis virus genome (Rice et al., J. Viroi 67:3809-3819, 
1987). For example, the T7/1F-1465R product was digested with Sac I and Eco 47111, 
10 and inserted into Sac VEco 47111 digested and CIAP treated TotollOl plasmid, which 
was purified away from the Sac VEco 47III small fragment (SP6 promoter. Sindbis 
virus nts. 1-1407) by 1% agarose/TAE (SOX/liter: 242 g Tris base/57,1 ml glacial acetic 
acid/100 ml 0.5 M EDTA pH 8.0) electrophoresis, and GENECLEAN 11. This 
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construct was then digested with Eco 47III and Avr U (Sindbis virus nt nos. 1407 and 
4281, respectively), treated with CIAP, and followed by insenion of the 3300 bp 
fragment isolated from the 1003F-4303R product, digested with Eco 47 III and Avr II, 
The fully assembled clone is designated as pRSIN-lg (g. as a reference to flill-length 
5 genomic clone), and contained all 1 1,703 bp of viral genome. A subset of the primers 
listed in the table above generate redundant double-stranded DNA reaction products 
within the SIN-1 genome. For example, the sequences in the 4051F/81 15R product are 
within the 1680F/8115R product. These redundant products are provided as 
construction ahematives for the SIN-1 genomic clone; i.e., in general, the efficiency of 
10 cDNA cloning is inversely proportional to the length of the desired fragment. 

To clone portions of the viral genome not obtained by the above method, 
the SIN-1 UNA viral genome was cloned by reverse transcription polymerase chain 
reaction (RT-PCR). First strand synthesis was accomplished as described above. PGR 
amplifications of Sindbis cDNA with the primer pairs shown above were performed as 
15 separate reactions, using the Klentaql enzyme, and the reaction conditions, as described 
in Barnes {Proc, Natl. Acad. ScL USA 97:2216-2220, 1994). Alternatively, the 
Thermalase thermostable DNA polymerase (Amresco Inc., Solon. OH) was substituted 
for the Klentaq 1 enzyme, using a buffer containing 1.5 mM MgCI, that was provided 
by the supplier. Alternatively, the VentR thermostable DNA polymerase (New England 
20 Biolabs, Beverly, MA) was used in the amplification reactions. Additionally, the 
reactions contained 5% DMSO and "HOT START WAX" beads fPerkin-Ehner). The 
PGR amplification protocol used is shown below (The 72°C extension incubation 
period was adjusted to 1 min per I kb of template DNA): 
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Temperature (°C) 


Time (Min.) 


No. Cycles 


(a) 


95 


2 


1 


(b) 


95 


0.5 






55 


0.5 


35 




72 


3.5 




(c) 


72 


10 


I 



Alternatively, cloning of the full-length SIN-1 RNA genome can be 
performed similar to. methods which have previously been described (Dubensky et al., 
1 Virol. 7^?:508-519, 1996). Briefly, first strand cDNA synthesis is accomplished with 
5 a mixture of random hexamer primers (50 ng/ml reaction concentration) (Inviirogen. 
San Diego. California), and primer 4B, whose sequence is shown in the table below. 
Genomic length Sindbis virus SIN- 1 variant cDNA is then amplified by PGR. Six 
distinct segments using six pairs of overlapping primers is sufficient to clone the entire 
genome. In addition to viral complementary sequences, the SIN-l 5' end forward 
10 primer contains a 19 nucleotide sequence corresponding to the bacterial SP6 RNA 
polymerase promoter and the Apa I restriction endonuclease recognition sequence 
linked to its 5' end. The bacterial SP6 RNA polymerase is poised such that transcription 
in vitro results in the inclusion of only a single non-viral G ribonucleotide linked to the 
A ribonucleotide, which corresponds to the authentic Sindbis virus 5' end. Inclusion of 
15 the Apa I recognition sequence facilitates insertion of the PGR amplicon into the 
plasmid vector pKS II"^ (Stratagene. La Jolla, California) polylinker sequence. A five 
nucleotide 'buffer sequence' extension is also linked upstream fix)m the Apa I 
recognition sequence in order to facilitate efficient enzyme digestion. The sequence of 
the SP6-5* SIN- 1 forward primer and all of the primer pairs necessary to amplify the 
20 entire SIN-1 genome are shown in the table below. {Not^ that "nt" and "nts" as utilized 
hereinafter refer to "nucleotide" and "nucleotides," respectively). The reference 
sequence (GenBank accession no. J02363, locus: SINGG) is from Strauss et al.. 
Virology 1 33:91-\\0, 1984. 
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Primer 


Location 


ocq. ID No. 


Sequence (5'->3') 


Recognition 
Sequence 


SP6-IA 


Apa ySP6/ 

O TV T ^ lift 

SIN nts.1-18 


12 


TATATGGGCCCGATTTAGGTGAC 
ACTATAGATTGACGGCGTAGTAC 
AC 

CTGGCAACCGGTAAGTACGATAC 


Apa I 


IB 


3182-3160 


13 


Age I 


2A 
2B 


3144-3164 
5905-5885 


14 
15 


ATACTAGCCACGGCCGGTATC 
TCCTCTTTCGACGTGTCGAGC 


Age I 
EcoRl 


3A 

7349R 


5844-5864 
7349-7328 


16 
17 


ACCTTGGAGCGCAATGTCCTG 
CCl 1 riCAGGGGATCCGCCAC 


EcoRl 
BamHl 


7328F 
3B 


7328-7349 
9385-9366 


18 
19 


GTGGCGGATCCCCTGAAAAGG 
TGGGCCGTGTGGTCGTCATG 


Bam HI 
Bell 


4A 

10394R 


9336-9356 
10394-10372 


20 
21 


TGGGTCTTCAACTCACCGGAC 
CAATTCGACGTACGCCTCACTC 


Bel] 
Bsim 


I0373F 
4B 


10373-10394 
Xba Vrj 

1 1703-1 i698 


22 
23 


GAGTGAGGCGTACGTCGAATTG 
TATArrCTAGA(T35)GAAATG 


Bsim 
Xba I 



PCR amplifications of Sindbis cDNA with the primer pairs shown above 
are performed as separate reactions, using the Thermalase or Ventj^ DNA polymerases 
(cited above), reaction conditions, and the PCR amplification conditions, as described 
5 above. 

The regions of sequence overlap between the amplification products 
correspond to unique enzyme recognition sites within the PCR amplicon. The PCR 
products are purified (QIAquick PCR purification kit, Qiagen, Chatsworth, California) 
and inserted stepwise into the pKS 11+ vector, between the Apa I and Xba I sites. The 
10 folly assembled clone is designated as pKSRSIN-lg (g, as a reference to full-length 
genomic clone), and contains all 11, 703 bp of viral genome. 

C. Sequence of the SIN- 1 phenntypft 

The SIN-1 specific nucleotide sequences of the pRSIN-lg clone was 
15 determined by the dideoxy-chain teraiination method. Sequence comparison of 8,000 
bp of viral sequence revealed multiple differences between the SIN- 1 clone described 
herein and the Sindbis virus (strain HRsp) sequence provided in GenBank (GenBank 
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Accession no. J02363, locus: SINCG). Differences in the sequence among SIN-1 
(Figure 6). SINCG (Figure 7), and Totol lOI (Figure 8) are presented below. 



nt. Position 


Gene 




SINCG 


Toto 1101 




SIN-1 






nt 


aa 


nt 


aa 


nt 


aa 


45 


5'NTR 


T 




T 




C 




120 


nsPl 


C 


Gin 


C 


Gin 


A 


Lys 


1775 


nsP2 


G 


null 


G 


null 


A 


null 


1971 


nsP2 


T 


Phe 


T 


Phe 


C 


Leu 


2992 


nsP2 


C 


Pro 


T 


Leu 


T 


Leu 


3579 


nsP2 


A 


Lys 


G 


Glu 


G 


Glu 


3855 


nsP2 


C 


Pro 


C 


Pro 


T 


Ser 


3866 


nsP2 


C 


null 


C 


null 


T 


null 


4339 


nsP3 


A 


Glu 


A 


Glu 


T 


Val 


4864 


nsP3 


C 


Ser 


C 


Ser 


T 


Phe 


5702 


nsP3 


A 


null 


T 


null 


T 


null 


5854* 


nsP4 


G 


Arg 


G 


Arg 


A 


His 


7612 


junction 


A 




A 




T 




7837 


Capsid 


C 


Arg 


C 


Arg 


T 


Cys 



5 ' This mutation was found in one cDNA clone. It was not detected when the Sin-1 virus 
RNA was sequenced. It likely represents a minor species in the RNA population. 

Verification that the sequence changes were unique to the clone (and not 
the result of cloning artifact) described herein, was determined by amplifying SIN-1 
10 virion RNA by RT-PCR as described above, establishing the sequence containing the 
nucleotides in question by direct sequencing of the RT-PCR amplicon product, and 
comparing the sequence to the corresponding SIN-1 sequence. 

Characterization and genetic manning of the STN-1 phe notvpe with mn]ecn|p r 
15 dsnssi 

Various regions of the SIN-1 genome were substituted for the 
corresponding wild-type Sindbis virus region in the Totol 101 plasmid (Rice et al., 1 



SUBSTITUTE SHEET (RULE 28) 



wo 99/18226 



PCT/US98/21062 



105 



ViroL (57:3809-3819, 1987) in order to map the location of the phenotype for 
establishment of persistence. The various SIN-1 nsP genes were substituted into the 
Toto 1101 wild-type Sindbis virus background using restriction enzyme fragments 
purified from pRSIN-1 g, as illustrated in the table below. 



nsP Gene 


Restriction Fragment 


Nucleotide 
Coordinates 


Clone Designation 


nsPI 


PIel/Eco47lU 


98-1407 


pRSIN-lnsPl 


nsP2 


EcoAlUVAvrll 


1407-4281 


pRSIN-lnsP2 


nsP2-N terminus 


Eco AlUVBgl II 


1407-2289 


pRSIN-lnsP2-r; 


nsP2-C terminus 


BgilVAvrll 


2289-4281 


pRSIN-lnsP2-C 


nsP3-4 


AvrlUEcoRl 


4281-5870 


pRSIN-lnsP3 


nsP3 


Avr IVSpe I 


4281-5262 


pRSIN-lnsP3 


nsP4 


Spe VAat II 


5263-5870 


pRSIN-lnsP4 


nsPl-4 


Pie VAat II 


98-8000 


pRSIN-lnsPI-4 



The coordinates of the nonstructural gene coding regions are provided in the following 
table: 



nsP Gene 



Coordinates of Sindbis 
virus genome (nt. no.) 



nsPl 
nsP2 
nsP3 
nsP4 
nsPN4 



60-1680 

1680-4101 

4101-5769 

5769-7597 

60-7597 



The various SIN-1, Toto, and chimeric SIN-l/Toto clones, pRSIN-lg, 
Toto. pRSIN-InsPl, pRSrN-lnsP2, pRSIN-lnsP2-N, pRSIN-lnsP2-C, pRSIN-lnsP3, 
pRSIN-lnsP4. and pRSIN-InsPl-4 were linearized by digestion with Xho I, which 
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makes a single cut in the cDNA clones immediately adjacent and downstream of a 21 
nucleotide poly dA:dT tract following the Sindbis virus 3* end (viral nt, 11703). The 
linearized clones were purified with GENECLEAN II (BIO 101, La Jolla, California), 
and adjusted to a concentration of 0.5 ^g/^l. Transcription of the linearized clones was 
5 performed in vitro at 40''C for 90 minutes according to the following reaction 
conditions: 2 DNA/4.25 ^1 HjO); 10 ^l 2.5 mM NTPs (UTP, ATP, GTP, CTP); 
1.25^1 20 mM Me7G(5')ppp(5')G cap analogue; 1.25^1 100 mM DTT; 5^1 5X 
transcription buffer (Promega. Madison Wisconsin); 0.5 ^il RNasin (Promega); 0.25 ^1 
lOpg/^l bovine serum albumin; and 0.5 ^1 T7 RNA polymerase (Promega). The 
10 in vitro transcription reaction products were digested with DNase I (Promega), purified 
by sequential phenolrCHClj and ether extraction, and followed by ethanol precipitation. 
Altematively. the in vitro transcription reaction products can be used directly for 
transfection. The in vitro transcription reaction products or purified RNA were 
complexed with a commercial cationic lipid compound (LIPOFECTIN, GIBCO-BRL, 
1 5 Gaithersburg, MD) and applied to Baby Hamster Kidney-2 1 (BHK-2 1 ) cells maintained 
in a 60 mm petri dish at 75% confluency. Ahematively, BHK cells were electroporated 
with the in vitro transcription reaction products or purified RNA, exactly as described 
previously (Liljestrom, Bio/Technology P:1356-1361, 1991). The transfected cells were 
incubated at 37^C. At 48 hours post-transfection, culture media were collected and the 
20 titer of each virus was determined by plaque assay, as described above. The titered 
virus stocks derived from these in vitro transcription reactions were designated as 
shown in the table below. 
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Clone Designation 


Virus Designation 


nPCTM IrtcDI 

ptvolIN-inSrl 


SIN-lnsPl 


pRSIN-lnsP2 


SIN-lnsP2 


pRSIN-lnsP2-N 


SIN-lnsP2-N 


pRSIN-lnsP2-C 


SIN-lnsP2-C 


pRSIN-lNSp3-4 


SIN-lnsP3-4 


pRSIN-lnsP3 


SIN-lnsP3 


pRSIN-lnsP4 


SIN-lnsP4 


pRSIN-lnsPl-4 


SIN-lnsPl-4 


Toto 1101 


Toto 



To map the SIN-1 persistent phenotype, 8 x lo' BHK cells were infected 
(M0I=5) with each of the virus stocks prepared above. At 3 days post infection, the 
culture viability was determined by trypan blue dye exclusion. The results of this 
5 experiment (shown below), demonstrate that the SIN-1 phenotype of establishing 
persistent non-cytocidal infections maps to the nonstructural genes, and to nsP2 gene in 
particular. The number of cells in the mock-infected culture represents continued 
growth of these cells until they reached the stationary phase. At 3 dpi, cells infected 
with SIN-lnsPK SIN-lnsP3, SrN-l-nsP3-4 and SIN-lnsP4 had all died. The cells that 
10 survived infection with SrN-lnsP2 and SrN-lnsPl-4 continued to grow and were 
persistently infected based on staining with antibodies specific for Sindbis virus. 
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Virus Number of Cells at 3 dpi 

SIN-lnsPl 
SIN-lnsP2 

SIN-lnsP3-4 
SIN-lnsP3 
SIN-lnsP4 
SIN-lnsPl-4 

Toto 
Mock 

As shown above, the observed SIN- 1 phenotype of establishing non- 
cytocidal persistent infections maps to the viral nsPs, as opposed to the sPs. This 
conclusion was demonstrated clearly by comparison of cell survival levels between 
5 cultures infected with the Toto or SIN-lnsPM virus stocks. Both the Toto and SIN- 1 
nsPl-4 viruses contain the wild-type sPs; cell survival was observed, however, only in 
those cultures infected with the virus (SIN-lnsPl-4 ) containing nsPs derived from the 
SIN-1 clone. In these experiments, cell survival was not dependent upon the source of 
the Sindbis virus sPs. Importantly, the SIN-1 phenotype was mapped fiirther to nsP2. 

10 The level of cell survival was comparable between cultures infected with the SIN- 
lnsPl-4 or SIN-lnsP2 viruses. Further, a C -> T transition at nucleotide 3855, in the 
SIN-1 nsP2 gene is responsible for the characteristic phenotype of establishment of 
persistent infection in cells infected with the SIN-1 virus. The single proline to serine 
change in the nsP2 protein produced in cells infected with the chimeric vims SIN- 

15 lnsP2-C, was all that was required to convert wild-type Sindbis virus (Toto 1101) from 
a virus that killed all of the infected cells into a virus which pemiitted many of the 
infected cells to survive and continue to produce virus. The phenotypes of chimeric 
viruses derived from insertion of the SIN-1 nsPl, nsP3, or nsP4 genes into the Toto 
backgroimd were indistinguishable from wild-type and complete lysis was observed in 

20 cultures infected with these viruses. 



0 

3x lO' 
0 
0 
0 

5x lO' 
0 

1 X lo' 



SUSSTITUTE SHEET (RULE 26) 



wo 99/18226 



PCT/US98/2I062 



109 



The possible effect of amino acid changes in the SIN-1 nsPs on the level 
of productive infection in BHK cells was deteimined by comparing the virus yield over 
a time course in BPIK cells inoculated mih the various SIN-1, wild-type (Toto), or SIN- 
1/Toto chimeric strains. Briefly, EEK cells were infected (MOI=20) with SIN-1 
5 (plaque purified stock described above), Toto, SIN-lnsPl-4, or SIN-InsP2 viruses, and 
the culture fluids were collected at 3, 6, 9, and 12 hours post infection. The titers of 
virus in the culture fluids were then detennined by plaque assay, as described above. 
The results of this study, shown in Figure 2, demonsu^te that equivalent levels of virus 
were produced in BHK cells infected with wild-type or SIN-1 strains. The actual virus 
10 titers at the 12 hpi time point are set forth in the table below. More than half of the 
BHK cells survived infection with SIN-1 virus (and chimeric viruses containing SIN-1 
nsPsl-4, or SIN- 1 nsP2) in combination with levels of virus production equivalent to 
wild-type strains. 



Titer (PFU/ml) at 12 hpi (x lo') 

2.7 

1.8 

2.6 
15 

The possible effect of amino acid changes in the SIN-1 nsPs on the level 
of viral-specific RNA synthesis was detennined by comparing the level of [^H]-uridine 
incorporation over a time course in BHK cells inoculated with the various SIN-1, wild- 
type (Toto), or SIN-l/Toto chimeric strains, BHK cells (3 x lo' ceIls/35 mm dish) were 

20 grown at 37°C. according to the conditions described herein. The cells were infected 
(MOI = 20) with SIN-1, TotollOl, SIN-lnsPl-4, or SIN-lnsP2 viruses. At 30 min. 
post infection, the culture medium was adjusted to 1 fig/ml actinomycin D. After 
incubation for an additional 30 min, the culture medium was adjusted to 10 ^iCi/ml 
['H]-uridine. At 3, 6, 9, and 12 hpi, the treated cells were washed with PBS, and lysed 

25 by addition of 200 ^l of TTE buffer (0.2% Triton X-100. 10 mM Tris-HCl. pH 8.0, 1 



Virus 

sSTi 

Toto 

SIN-1 nsPM 
SIN-1 nsP2 
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iiiM EDTA). The RNA was precipitated at 4°C by addition of 200 of a 25% 
trichloroacetic acid (TGA) solution. The RNA was pelleted by microcentrifiigation for 
5 min at 14,000 rpm, rinsed once with 5% TCA. and dissolved in a solution consisting 
of 50 mM NaOH/0.1 % SDS, at S5°C, The solution containing the dissolved RNA was 
5 transferred into scintillation vials and the level of incorporated [^H]-uridine was 
determined using EcoLume (ICN, Irvine, CA) scintillation fluid. The results of this 
study, shown in Figure 3, demonstrate that levels of virus-specific RNA were 
dramatically lower in BHK cells infected with SIN-1 compared to wild-type virus. This 
phenotype of low level of virus-specific RNA synthesis maps to the nsPs. as shown by 
10 the equivalently low levels of RNA produced in BHK cells infected with the SIN-1 or 
SIN-lnsPl-4 strains, compared to wild-type. 



^^^^ [^HJuridine incorporation (x 1 0^ cpm) 

SIN-1 "~ "22 

TotollOl 86 

SIN-lnsPl-4 28 

SIN-lnsP2 62 

Mock 8 



Virus-specific RNA synthesis in infected BHK cells was also determined 
15 using all of the SIN-1, Toto, and SIN-l/Toto chimeric, strains. The levels of 
[^HJuridine incorporation, relative to wild-type infection (Toto) at 9 hpi. are shown in 
Figure 4, and given in the table below. 
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No. of Experiments Relative RNA Standard Deviation 
Synthesis Level 



TotollOl 


9 


1.0 




SIN-1 


9 


0.1 


±0.1 


SIN-InsPl-4 


8 


0.2 


±0.1 


SIN-lnsPl 


7 


1.0 


±0.2 


SIN-lnsP2 


8 


0.6 


±0.1 


SIN.lnsP3 


4 


1.0 


±0.0 


SIN-lnsP3-4 


7 


0.4 


±0.1 


SIN-lnsP4 


6 


0.8 


±0.1 


SIN-InsP2-N 


I 


0.9 




SIN-lnsP2-C 


3 


0.6 


±0.2 


Mock 


9 


0.0 





Thus, BHK cells survive infection with SIN-1 virus (and chimeric viruses containing 
SIN-1 nsPsl-4, or SIN-l nsP2), SIN-1 virus levels equivalent to wild-type strains are 
produced in BHK cells, and, the level of viral-specific RNA synthesized is 10-fold 
5 lower compared to wild-type virus. 

The possible effect of amino acid changes in the SIN-1 nsPs on the level 
of inhibition of host cell protein synthesis was determined by comparing the level of 
protein synthesis, relative to uninfected cells, over a time course in BHK cells 
inoculated with the various SIN-1, wild-type (Toto), or SIN-l/Toto chimeric strains. 

10 Briefly. 35 mm dishes seeded vrith 2 x lo' BHK cells were infected (MOI = 20) with 
the various Sindbis virus strains in a 0.5 ml virus inoculum in a buffer consisting of 
PBS/1% fetal calf serum. The plates were incubated at 4°C for 1 hr with continuous 
gentle shaking. The inoculum was replaced with 2 ml of medium, described previously, 
containing 10% fetal calf serum, and the dishes were placed in a CO, incubator at 37T. 

15 At 5. 8, and 1 1 hr later, the media was replaced with 2 ml of MEM lacking methionine 
(Met-), with 2% fetal calf serum, and incubated 30 min. The medium was then replaced 
with 1 ml of MEM (Met-) containing 2% fetal calf serum and 10 nCi/ml of 
[^*S]methiomne. Following a 30 min incubation period at I ml of medium 
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containing 10% fetal calf serum was added to each well, and the dishes were incubated 
for another 30 min at 37°C. This dilution is sufficient to inhibit further incorporation of 
radioactive label into protein and significantly decreases the background of free [^*S]- 
methionine detected in polyacrylamide gels. The medium was then removed from the 
5 well. Cells were washed three times with PBS, scraped from the dish into PBS, pelleted 
by centrifiigation. and dissolved in 25 pil of loading buffer (0.06 M Tris-HCl, pH 6.7, 
2% SDS, 5% P-mercaptoethanol, 5% glycerol, 0.05% bromophenol blue). One-fifth of 
the sample was analyzed on the gel. After electrophoresis, the geis were stained with 
Coomassie brilliant blue R, dried, and auioradiographed. The rates of inhibition of host 
10 cell protein synthesis were compared by quantitating the amount of radioactivity in the 
section of the gel containing only host proteins. The results of this study are shown in 
Figure 5, and demonstrate that the level of inhibition of host cell protein synthesis is 
significantly lower in SIN-l vims infected cells, compared to wild-type virus infected 
cells, particularly at the earlier 6 and 9 hour time points post infection. 
15 In summary, BHK cells survive SIN-l infection, virus levels equivalent 

to wild-type strains are produced in BHK cells, the level of viral-specific RNA 
synthesized is 10-fold lower than wild-type virus, and the level of inhibition of host cell 
protein synthesis in SIN-l virus infected cells is significantly lower compared to wild- 
type virus infected cells. The phenotypes of the SIN-l virus described herein map to 
20 the viral nsP genes. 

EXAMPLES 

Isolation and Characterization of Positive Strand RNA Viruses Which 
25 Exhibit Reduced Inhibition of Host Macromolecular Synthesis 

The derivation of virus variants exhibiting the desired phenotypes of 
reduced, delayed or no inhibition of host cell macromolecular synthesis is dependent on 
the generation, characterization, and isolation of sequences which differ from that of 
30 wild-type virus. However, in addition to example 1, there are no obvious or previously 
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disclosed methods lo select for or identify coding or non-coding viral sequence changes 
that result in alteration of this virus-based inhibition of macromolecuiar synthesis, or the 
generation of viruses that lead to persistent, rather than lytic, infection. The present 
invention provides specific methods, using alphaviruses as an example, that enable one 
5 to overcome these obstacles. 

A. Biological Selection of Virus Varianrs 

The biological derivation of virus variants which result in reduced, 
delayed, or no inhibition of host macromolecuiar synthesis, or which establish persistent 
10 infections, can be performed by allowing for natural, spontaneous mutation within a 
cell, or first subjecting the desired virus stock to physical, chemical or other artificial 
mutagenesis, followed by infection of susceptible cells, and successive enrichments for 
those cell populations which harbor mutated virus. It is possible that prior mutagenesis, 
although not required, will facilitate the generation of appropriate mutations. The 
15 selection is based on the ability of cells infected with the desired variant to survive for 
significantly longer periods than wild-type virus infected cells. The following examples 
provide representative methods in detail, using Sindbis virus as an example; however, 
other viruses are readily substituted, as noted in the detailed description. 

Specifically, in the case of chemical mutagenesis, a Sindbis virus stock 
20 suspension with a titer of greater than or equal to 10' pfu/ml is treated with 
nitrosoguanidine at a final concentration of 100 ug/ml. After 15 minutes at room 
temperature, the niu-osoguanidine is removed by dialysis at 4°C and the mutagenized 
stock is subsequently used for infection. Approximately 5x10* cells of the desired type 
(for example BHK-21), grown in flat stock culture, are infected with the mutagenized 
25 virus at a multiplicity of infection (M.O.I.) of approximately 5, to ensure that every cell 
is infected. At 12, 24, 36, and 48 hours post-infection, the cell monolayer is washed 
twice with fresh media to remove dead cells, and replaced with media consisting of a 
mixture of 50% fresh media and 50% conditioned media. After a desired time post- 
infection (for example 72 hours), the remaining cells are gently trypsinized to detach 
30 them fi:Dm the culture dish and strip away any cell-associated extracellular virus, which 
is then separated from the cells by differential centrifiigation. The remaining cells are 
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then re-seeded directly into a tissue culture dish containing a semi-confluent uninfected 
cell monolayer, at a ratio of 1 infected cell for every 10^ uninfected cells. Additional 
rounds of selection are performed by seeding onto uninfected cells for amplification, 
followed by the above washing and harvesting steps. Alternatively, the initial 
5 infections may be done using a wild-type virus stock at low M.O.I., allowing for 
spontaneous mutation during replication within the cell. Using this approach, a 
heterogenous population of mutant virus is produced by the infected cells. In those 
instances where the population of infected cells recovered after trypsinization includes 
a significant number of non-viable or severely damaged cells, a brief treatment (5 
10 minutes at room temperature) with 0.75% NH.Cl in 17 mM Tris (pH 7.65 with HCl). or 
cennifiigation through Percoll'^^S is included to remove remaining dead or damaged 
cells, prior to re-seeding onto uninfected cell monolayers. After a minimum of two 
successive rounds of selection, virus variants displaying the desired phenotype are 
isolated by limiting dilution or plaque purification, and subjected to cDNA cloning as 
15 described in Example 1. Isolation and characterization of specific sequences 
responsible for the variant phenotype are accomplished by substitution of defined 
regions of cDNA into a genomic clone or expression vector and testing for the 
accompanying phenotypic change, as outlined in the Examples. 

20 B. .GfijgfijyigJSdgctiQn of Vims Variants 

In a related ^proach, natural mutation or random mutagenesis is 
performed, not on a virus stock, but rather, using cloned genomic cDNA of the virus 
that can be transcribed into infectious viral RNA in vitro or in vivo. For example, in the 
case of prior mutagenesis, plasmid pRSINg, which contains a fiill-length genomic 

25 Sindbis cDNA fimctionally linked to a bacteriophage SP6 promoter (Dubensky, et al., 
J. Viroi. 70:508-519. 1996), is transformed into competent E, coli XL 1 -Red mutator 
cells and plated on ampicillin plates to obtain colonies. At least 200 colonies are 
chosen at random, pooled, and inoculated for overnight growth in a 10 ml broth culture 
containing ampicillin. Plasmid DNA is prepared firom the culture to obtain a 

30 heterogeneous population of pRSINg harboring various mutations. The DNA is 
linearized with Xba I and transcribed in vitro using SP6 polymerase, as described 
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previously (Rice et al.. J, ViroL 5/;3809-3819. 1987). RNA transcripts are 
subsequently transfected into the desired cell type (for example, BHK ceils) by 
electroporation (Liljestrom and Garoff, Bio/Technology P:1356-1361, 1991), for 
initiation of the Sindbis vims infection cycle. Alternatively, in vitro transcribed RNA 
5 from an unmutagenized template also may be transfected. Selection of virus mutants 
which establish a persistent infection or exhibit reduced, delayed, or no inhibition of 
host macromolecular synthesis is performed as above. The selected virus variants with 
the desired phenotype are isolated by limiting dilution or plaque purification, subjected 
to cDNA cloning, and the sequences responsible for the variant phenotype are isolated 
1 0 and characterized, as described previously. 

C. Genetic Selection of Variants Using Viru s-Derived Vectors 
1. Vectors Expressing an Immunogenic Pmtein 

In another approach, spontaneous intracellular mutation, or random 

15 mutagenesis is performed on virus-derived sequences of a viral-based expression vector. 
These sequences include non-coding and regulatory regions, as well as nonstructural 
protein encoding regions. In certain instances, structural protein-encoding sequences 
also may be included. Such random mutagenesis or spontaneous intracellular mutation 
may be performed using any of the techniques described in this invention, along with 

20 the cloned cDNA of a virus-derived vector which can be transcribed into RNA in vitro 
or in vivo. For example, a replication-competent Sindbis virus expression vector may 
be used to express an immunogenic cell surface protein or other peptide which may be 
bound by specific antibodies added to the infected cells. Cells which contain functional 
vector are identified by their expression of the vector-encoded heterologous antigen and 

25 ability to be bound by antibody specific for the encoded antigen. By limiting the 
selection process to cells surviving for extended periods {see above), only those 
harboring vector variants exhibiting the desired phenotype are enriched. 

Specifically, in the case of random mutagenesis, plasmid pTE3'2J (Hahn 
et al., J, Viral, W:2679-2683. 1992), comprising an SP6 promoter operably linked to a 

30 full-length genomic Sindbis cDNA with a duplicated subgenomic promoter for 
expression of heterologous genes, is mutagenized as described above. This process 
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results in isolation of a population of heterogeneous plasmid containing the random 
mutations. In parallel, the desired heterologous cell surface protein or marker peptide 
gene is cloned into a shuttle vector for insertion into the mutagenized pTE3'2J vector. 
Preferred cell surface proteins for use as markers include, but are not limited to, human 
5 B7.1 (Freeman et al., J. Immunol. I43\T1U-2111, 1989) and the murine H-2K'' class I 
molecule (Song et al, J. Biol. Chem. 259:7024-7029, 1994), The human B7.1 gene is 
amplified by standard three-cycle PGR. with 1.5 minute extension, fharn a pCDM8 
vector containing the full-length cDNA sequence (Freeman et al., ibid), using the 
following oligonucleotide primers that are designed to contain flanking Xba I and Bam 
10 HI sites. 

Forward Primer: hB7.1 FX (5'-rest. site/ B7.1 sequenced rSFQ ID. NO. 24) 
5'-ATATATCTAGA/GCCATGGGCCACACACGGAGGCAG-3' 

1 5 Reverse Primer: hB7.1 RB ( 5 '-rest, s item 7.1 sequenced fSFQ. ID. NO. 25) 
5*-ATATAGGATCC/CTGTTATACAGGGCGTACACTTTC-3' 

Following amplification, the approximately 875 bp DNA fragment is 
purified using a QIAquick-spin PGR purification kit (Qiagen, Ghatsworth, GA), 

20 digested with Xba I and Bam HI and ligated into Sindbis shuttle vector pH37Jl (Hahn 
et ah, ibid) that also has been digested with Xba I and Bam HI and treated with calf 
intestinal alkaline phosphatase, to create the construct pH3'B7. 1 . 

Following random mutagenesis of the pTE37J double subgenomic 
vector, as described above, plasmid pH3'B7.1 and the mutated population of plasmid 

25 pTE3*2J are digested with Apa I and Xho I, purified fi-om 0.7% agarose gels using 
GENECLEAN II IF™ (BiolOl. Vista, CA). and ligated to form a heterogeneous 
population of a B7.1 expression vector, designated pTE3'B7.1. Without transforming 
£. coli and isolating individual clones, the entire population of ligated vector is 
linearized with Xho I and used as template for in vitro SP6 transcription reactions, as 

30 described above. The heterogeneous population of randomly mutagenized B7.1 vector 
transcripts is then electroporated into the desired cell type (for example, BHK cells) for 
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initiation of the Sindbis virus replication cycle. Selection for virus mutants which 
establish a persistent infection or exhibit reduced, delayed, or no inhibition of host 
macromolecular synthesis is performed using a monoclonal antibody specific for B7.1 
(Phanningen, San Diego, CA) and either magnetic- or fluorescence-activated cell 
5 sorting protocols. The preferred secondary antibody tags include rat-anti-mouse IgG 
conjugated with magnetic microbeads for magnetic cell sorting (miniMACS Magnetic 
Separation System. Miltenyi Biotec, Auburn, CA; Miltenyi et al., Cytometry 77:231- 
238, 1990), and FITC-conjugated rat anti-mouse IgG (Pharmingen, San Diego, CA) for 
fluorescence activated cell sorting. Using such an approach and harvesting cells after 
10 an extended period (see above), only viable cells which contain a functional vims- 
derived vector (as evidenced by 87. 1 expression), displaying the desired phenoiype, are 
enriched. 

Specifically, the heterogeneous population of randomly mutagenized 
37. 1 vector transcripts is electroporated into 1x10^ cells, according to the procedure of 

1 5 Liljestrom and Garoff ( 1991 . ibid), and plated as a flat stock culture. At 12, 24, 36, and 
48 hour post-infection, the cell monolayer is washed twice with fresh media to remove 
dead cells, and replaced with media consisting of a mixture of 50% fresh media and 
50% conditioned media. After a desired time post-infection (for example 72 hours), the 
remaining cells are gently trypsinized to detach them from the culture dish, and pelleted 

20 by centrifugation at 1000 rpm, 4°C. The cells are resuspended in 2 ml of blocking 
solution (PBS + 10% fetal calf serum + 1% BSA), incubated on ice for 10 minutes, and 
re-pelleted. Next, the cells are resuspended in 200 ul of the primary anti-B7.1 antibody 
solution (diluted in PBS + 0.5% BSA), and incubated on ice for 30 minutes. The cells 
are washed twice with PBS + 0.5% BSA, pelleted, and resuspended in 200 ul of 

25 magnetic bead solution (200 ul washed magnetic rat anti-mouse coated beads in PBS + 
0.5% BSA + 5 mM EDTA). Following incubation at 4*'C for 30 minutes, the bead- 
bound cells are washed twice with PBS + 0.5% BSA + 5 mM EDTA, and resuspended 
in 1 ml of the same buffer. The bead-bound cells arc then purified using the MiniMacs 
magnet column, according to the manufacturer's directions. The elated positive cells 

30 are then re-seeded directly into a tissue culture dish containing a semi-confluent 
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uninfected cell monolayer, at a ratio of 1 infected ceil for every lO'* uninfected ceils. 
Additional rounds of selection are performed as above for amplification/enrichment. 
The selected vector variants with the desired phenotype are isolated by limiting dilution 
or plaque purification, subjected to cDNA cloning, and the sequences responsible for 
5 the variant phenotype are isolated and characterized, as described previously. 

Alternatively, the B7.1 expression vector, pTEB'By.l, may be used 
directly for in vitro transcription without prior mutagenesis. Following transfection of 
these RNA transcripts, selection for mutants of the desired phenotype is performed as 
described above. 

10 

2. Vectors Expressing a 5;e1ectable Marker 

Alternatively, an antibiotic resistance maricer can be used for selection of 
virus vector variants exhibiting the desired phenotype (Figure 8F). For example, the 
Sindbis vector pRSIN-pgal (Dubensky et al., ibid) was modified by replacement of the 

15 Pgalactosidase reporter gene with a neomycin phosphotransferase selectable marker and 
either subjected to prior mutagenesis or used directly. The gene encoding neomycin 
(G418) resistance was isolated by standard three-cycle PCR amplification, with 1.5 
minutes extension, from plasmid pcDNA3 (Invitrogen, San Diego, CA), using the 
following oligonucleotide primers that were designed to contain flanking Xlio I and Not 

20 I restriction sites: 

Forward primer: NeoFX (5'-rest. site/ neo seguencg) (SEQ. ID. NO. 26) 
5'-ATATACTCGAG/ACCATGATTGAACAAGATGGATTG-3' 

25 Reverse nrimer: NeoRN r5'-rest. site/neo sequence) (SEQ. ID. NO. 27) 
5'-TATATAGCGGCCGC/TCAGAAGAACTCGTCAAGAAG-3' 

Followdng amplification, the DNA firagment was purified with 
QIAquick-spin, digested with Xho I and Not I. and ligated into pRSIN-pgal vector that 
30 also had been digested with XJio I and Not I, treated with calf intestinal alkaline 
phosphatase, and purified fi-om a 0.7% agarose gel, away bom its previous 
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Pgalactosidase insert, using GENECLE-'VN II. The new]y constructed Sindbis 
expression vector containing the neomycin resistance marker was designated pSin-Neo. 
Plasmid pSin-Neo was linearized with Pmel , either directly or with 1. 2. or 3 rounds of 
prior mutagenesis by passage through E. coli strain XL-1 Red. The linear DNA was 
5 used as template for in vitro SP6 transcription reactions and vector transcripts were then 
transfected into the desired cell type (for example, BHK ceils) for initiation of the 
Sindbis replication cycle and heterologous gene expression. Approximately 24 hour 
post-transfection, the BHK cells were trypsinized and replated in media containing 0.5 
mg/ml G418. Subsequently, the media was changed at approximately 24 hour intervals 

10 to remove dead cells, and replaced with G418-containing media consisting of a mixture 
of 50% fresh media and 50% conditioned media. Media changes were reduced after the 
majority of dead cells were washed away, and cell foci began to form. At this time, all 
cells in control plates transfected with Sindbis vector RNA expressing only a reporter 
gene were killed by the drug. Using this selection, only viable cells which contained a 

15 fiinctional Sindbis virus-derived vector, exhibiting the desired phenotype (as evidenced 
by neomycin resistance), were enriched. Stably transformed neomycin-resistant pools 
were obtained using this approach for both mutagenized and unmutagenized templates, 
and the pools were subsequently characterized. Similar selection approaches were 
demonstrated to work in cells that express higher levels of interferon(s), for example 

20 L929 cells. 

Mutant vector variants displaying the desired phenotype were isolated by 
harvesting RNA directly from the stably transformed cells using RNAzol B (Tel-Test, 
Friendswood, TX), followed by polyA selection. The RNAs were analyzed by northern 
blot, using a neomycin phosphotransferase gene probe, to demonstrate the presence of 

25 both genomic and subgenomic viral vector RNA species (Figure 80). Lanes SI, S2, 
and S3 represent RNA from three independently derived G418-resistant pools. The 
BHK lane represents untransfected cellular RNA, while the Sin-Neo lane represents the 
original in vitro transcribed RNA vector. Clearly, significant differences in the ratios of 
genomic to subgenomic RNA arc observed among the pools, suggesting their derivation 

30 from vectors containing different causal mutations. The isolated RNA also was used to 
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transfer the neomycin resistance phenotype to naive cells. Specifically, BHK-21 cells 
were transfected with the above isolated RNA or a control template RNA and treated 
with the G418 drug. Those cells transfected with the isolated RNA were immediately 
. resistant to the drug and grew to confluence within days, unlike the control 
5 transfections. Finally, complementation assays were performed using a defective 
Sindbis virus p-galactosidase vector (designated Sin-dl-pgal), which is deleted of 
nonstructural gene sequences between nucleotides 422 and 7054. Expression of the p- 
galactosidase reponer from such a defective vector can occur only after the deleted 
nonstructural proteins are provided in tra/ts, Transfection of Sin-di-Pgal RNA into the 
10 above G418-resistant pools resulted in expression levels of p-galactosidase not seen in 
similarly transfected control BHK cells. 

To map the genetic locus of the Sindbis vectors responsible for reduced 
cytopathogenicity, PCR primer pairs were synthesized, allowing division and gene 
substitution of the vector sequences (excluding the 3 '-end UTR) in three distinct 
15 sections: nts. 1 - 2288, nts. 2289 - 4845, and nts. 4846 - 7644 (Figure 8H). These 
primer pairs may be used to amplify cDNA directly from vector variant RNA isolated 
from G418-resistani cells. For example, RNA from the S2 pool (see Figure 80) was 
subjected to cDNA cloning and substitution into a wild-type pSin-Neo vector. 
Following in vitro transcription, wild-type and S2 mutant vector RNA was transfected 
20 into BHK cells and 041 8 drug selection was applied. Only the S2 mutant vector RNA 
resulted in rapid drug resistance and confluent cell growth within days, suggesting that 
the causal mutation resided within this region of gene replacement. Sequence analysis 
between the wild-type and S2 mutant vectors within this region, revealed a Proline to 
Threonine substitution at nsP2 amino acid 726, within the highly conserved alphavirus 
25 Leu-Xaa-Pro-Oly-Gly motiff. In addition, gene replacement of the same region with 
cDNA derived from pool SI (see Figure 80) did not result in a vector producing similar 
G418 resistant cells (Figure 8H), nor did the substituted sequence contain a mutation 
within the conserved Leu-Xaa-Pro-GIy-Gly motiff. These data indicate tiiat an 
alternative mutation outside the region of replacement is required for the observed 
30 phenotype. 
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Alphavirus Strain* 

1 . Sindbis virus 

2. Sin-Neo S2 vector 

3. S.A.AR86 virus 

4. Ockelbo virus 

5. Aura virus 

6. Semliki Forest virus 

7. VEE virus 

8. Ross River virus 



PrQ-Glv-niy Pfigion 
Leu-Asn-Pro-GIy-Gly-Thr 
Leu-Asn-Uir-Gly-Gly-Thr 
Leu-Asn-Pro-GIy-GIy-Thr 
Leu-Asn-Pro-GIy-GIy-Thr 
Leu-Lys-Pro-Gly-Gly-Thr 
Leu-Lys-Pro-Gly-Gly-Ile 
Leu-Asn-Pro-Gly-Gly-Thr 
Leu-Xaa-Pro-Gly-Gly-Ser 



nsP2 a.a.\srP-G-rT) 
a.a. = 726-728 
a.a. = 726-728 
a,a, = 726-728 
a.a. = 726-728 
a.a, = 725-727 
a.a. = 718-720 
a.a. = 713-715 
a.a. = 717-719 



In another example, a Semliki Forest virus-derived vector, pSFV-1 
(GIBCO/BRL), was used for insenion of the antibiotic resistance marker and 
5 subsequent selection of the desired phenotype. The gene encoding neomycin (G418) 
resistance was isolated by standard three-cycle PGR amplification, with 1.5 minutes 
extension, from plasmid pcDNA3 (Invitrogen, San Diego, CA), using the following 
oligonucleotide primers that were designed to contain flanking Ba/ni/ 1 restriction sites: 

1 0 Forward Primer: 5'BAMHI-Neo (SEQ. ID. NO. 1 1 8) 

5'-ATATAGGATCCTTCGCATGATTGAACAAGATGGATTGC-3' 



Rgygrsgprimgr: 3'BAMHI-NgQ (SEQ, ID. NO. 57) 
15 5'-ATATAGGATCCTCAGAAGAACTCGTCAAGAAGGCGA-3' 

Following amplification, the DNA fragment was purified with 
QIAquick-spin. digested with BamH I, and ligated into pSFV-1 vector that also had 
been digested with BamH I, treated with calf intestinal alkaline phosphatase, and 
20 purified from a 0.7% agarose gel, using GENECLEAN II. The resulting SFV vector 
construct containing the neomycin resistance maricer was designated SFV-Neo. In vitro 
transcription of RNA vector from mutagenized or unmutagenized SFV-Neo DNA 
template was performed and transfection, followed by selection for mutants of the 
desired phenotype, was carried out essentially as described above for Sindbis virus 
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vectors. Several independently-derived, stably transformed G418-resistant pools were 
obtained and characterized. Northern blot analysis for two such pools, SFI and SF2, 
are shown in Figure 8G, along with the original control RNA vector transcript (SFV- 
Neo). These data demonstrate that the selection methods described in the present 
5 invention have utility for multiple RNA virus vector systems. 

E X A MP L E 3 

Preparation of SINl -Based RNA vector replicons 

10 

A. Construction of the SnsJ-l Basic Vector 

SIN-1 derived vector backbones were constructed and inserted into a 
plasmid DNA containing a bacteriophage RNA polymerase promoter, such that 
transcription in vitro produced an RNA molecule that acts as a self-replicating molecule 

15 (replicon) upon introduction into susceptible cells. The basic SIN-l RNA vector 
repiicon was comprised of the following ordered elements: SIN-1 nsPs genes, 
subgenomic RNA promoter region, a polylinker sequence, which may contain 
heterologous sequence insertions, the SIN-1 3' non translated region (NTR). and a poly 
adenylate sequence. In addition, nsP genes of the desired p.henotype, derived using 

20 methods such as those of Example 2, also may be substituted. Following iransfection 
into susceptible cells, autonomous replication of the RNA vector replicon occurs as for 
virus, and the heterologous sequences are synthesized as highly abundant subgenomic 
mRNA molecules, which in turn serve as the translational template for the heterologous 
gene product. 

25 The 5' region of the vector, comprised of the SIN-1 nsP genes and 

subgenomic promoter, extends to within two nucleotides of the capsid gene 
translational initiation point. This region was first inserted into the pKSII+ plasmid 
(Stratagene) between the Apa I and Xho I sites. The 5' region of the vector was 
amplified by PCR from the pRSIN-lg plasmid in two overlapping fragments. The fust 

30 fragment was generated in a PCR reaction with the following primer pair: 
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Forward primer: SP6-I FiApa I site/SP6 nromoter/STN nts 1 -l (SEQ, ID NO. 12) 
5'- 

TATATGGGCCCGATTTAGGTGACACTATAGATTGACGGCGTAGTACAC 

5 Reverse primer: SINS 1 60R rSIN nts 5 1 60-5 1 4nv (SEQ. ID NO. 28) 
5'-CTGTAGATGGTGACGGTGTCG 

The second fragment was generated in a PGR reaction with the following primer pair: 

10 Forward nrimer: 5079F (STN nts 5079-5 lOnv (SEQ. ID NO. 29) 
S'-GAAGTGCCAGAACAGCCTACCG 

Reverse nrimer: SIN7643R rhuffer se^auence/XJin ? site/ SIN nts 764^.767 ] v 
(SEQ. ID NO. 30) 

1 5 5'-TATATCTCGAGGGTGGTGTTGTAGTATTAGTC AG 

The two PGR reactions were performed with the primer pairs shown 
above using the Thermalase (Amresco, Solon, OH), Vent (New England Biolabs, 
Beverly, MA) or KJenTaq thermostable DNA polymerases. Additionally, the reactions 
20 contained 5% DMSO and "HOT START WAX" beads (Perkin-Elmer, Foster City. 
CA). The PGR amplification protocol shown below was used. The extension period 
was 5 minutes or 2.5 minutes for reactions with the SP6-1F/SIN5160R or 
5079F/SIN7643R primer pairs, respectively. 
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Temperature (**C) 


Time (Min) 


No. Cycles 


95 


2 


I 


95 


0.5 




55 


0.5 


35 


72 


5.0 or 2.5 




72 


10 


10 


Following PCR, 


the Uvo amplified 


products of 5142 bp 



lF/SrN5160R primer pair) and 2532 bp (5079F/SIN7643R primer pair) were purified 
(PCR purification kit, Qiagen, Chatsworth. CA), and digested with Apa I and 5/? I (5142 
5 bp amplicon product) or 5/? I and XIw I (2532 bp amplicon product). The digested 
products were purified with GENECLEAN II (Bio 101, Vista, CA) and ligated together 
with pKS^ plasmid (Stratagene, La Jolla. CA) prepared by digestion with Apa I and 
Xho I, and phosphatased with CIAP. This construction is known as pKSSIN-l-BV5'. 

The 3* region of the vector, comprised of the viral 3* end, a polyadenylate 
10 tract, and a unique restriction recognition sequence were inserted between the Not I and 
Sac I sites of the plasmid pKSSIN-l-BV5'. The 3' region of the vector was amplified by 
PCR fi"om the pRSIN-1 g plasmid in a reaction containing the following primer pair: 

Forward Primer SINl 1386F (buffer seQuenceW^/lsit e /SINnts 11386-1 1407V 
15 (SEQ.IDN0.31) 

5»-TATATATATATGCGGCCGCCGCTACGCCCCAATGATCCGAC 

Rgygrsg Primer: SIN) 1 7Q3R fhllffftr SPnuenc e/ S ac I a nd Pme I sites/T40/STN ntf! 1 1 vnv 
20 11698V . (SEQ.IDN0.32) 

5*-CTATAGAGCT CGTTTAAACT i n i'ir mi ' TmTTTTTT 
liilllllll TTTTTTTTTG AAATG 
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In addition to the primer pairs shown above, the PCR reaction contained 
Thermalase, Vent or KlenTaq thermostable DNA polymerase, 5% DMSO, and "Hot 
Start Wax" beads (Perkin-Elmer). The amplification protocol was as shown above, but 
with a 72°C extension period of 30 seconds. 
5 The 377 bp amplified product corresponding to the 3' vector end was 

purified digested with Not I and Sac L purified, and ligated into pKSSIN-l-BV5', 
which was prepared by digestion with Not I and Sac I and treatment with CIAP. This 
plasmid is known as pKSSIN-l-BV. 

Using techniques described above, the lacZ gene encoding the P- 
10 galactosidase reporter protein was liberated from the plasmid pSV-p.galactosidase 
(Promega Corp., Madison, WI) with Bam HI and Hind III, and inserted into pKS+ at the 
corresponding enzyme recognition sites. The lacZ gene was digested from this plasmid, 
pKS-P-gal, with Xlio I and Not I, and inserted into pKSSIN-l-BV, between the Xho I 
and Not I sites. This plasmid is known as SINrep/SIN-l nsPl-4/lacZ. 
1^ Alternatively, the firefly luciferase gene encoding the luciferase reporter 

protein was liberated from the plasmid pT3/T7-LUC (Clontech, Palo Alto, CA) by 
digestion with Hind III, and inserted into pKS+ (Stratagene, La Jolla, CA) at the 
corresponding enzyme recognition sites contained in the multiple cloning sequence to 
generate pKS-luc. The luciferase gene was liberated fix>m pKS-luc by digestion with 
20 Xho I and Not I and inserted into Xlio UNot I digested pKSSIN-l-BV. This plasmid is 
known as SINrep/SIN-1 nsPl-4/Iuc. 

Additionally, the gene encoding the secreted form of alkaline 
phosphatase (SEAP) was inserted into pKSSIN-l-BV. Briefly, the SEAP gene was 
liberated from the plasmid pCMV/SEAP (Tropix, Bedford, MA) by digestion with Hind 
25 ra and Xba I, and inserted in pSK+ (Stratagene, La Jolla, CA) at the con^sponding 
recognition sites contained in the multiple cloning sequence, to generate pSK-SEAP. 
The SEAP gene was then liberated from pSK-SEAP by digestion with Xho I and Not I, 
and inserted into the corresponding enzyme recognition sites of pKSSIN-l-BV, This 
plasmid is known as SINrep/SIN- 1 nsP 1 -4/SEAP. 
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The individual SIN-1 nsP genes were substituted into the corresponding 
wild-type virus region of the Sindbis virus-based lac Z repiicon described previously 
(Bredenbeek et al.. J. Virol. 57:6439-6446, 1993), in order to compare the expression 
properties of the SIN-1 and wild-type expression vectors. Substitution of the SIN-1 nsP 
5 genes into the Toto 1 1 0 1 -derived lac Z rephcon was accomplished as described in 
Example 1 . These vectors were designated as shown in the table below. 



Repiicon Designation 
SINrep/lacZ 
SINrep/SIN-l nsP2/lacZ 
SINrep/SIN-1 nsP3/lacZ 
SINrep/SIN-1 nsPl-4/lacZ 



nsP Genes Origin 
TotollOl S^T 
nsP 1-4 " 
nsP 1,3-4 nsP2 
nsPl-2,4 nsP3 

nsP 1-4 



SP6 transcripts were prepared from the replicons shown in the table 
10 above, after linearization with Xl\o I, as described in Example 1. RNA transcripts 
contained a 5' sequence that is capable of initiating transcription of Sindbis virus, 
Sindbis vims nonstructural protein genes 1-4, RNA sequences required for packaging, a 
Sindbis virus junction region, the lacZ gene, and the Sindbis virus 3' end proximal 
sequences required for synthesis of the minus strand RNA. 
15 The in vitro u-anscription reaction products or purified RNA were 

electroporated into baby hamster kidney-21 (BHK-21) cells as described previously 
(Liljestrom and Garoff, Bio/Technology P:1356-1361, 1991). Alternatively. BHK-21 
cells were complexed with a commercial cationic lipid compound as described in 
Example 1 and applied to BHK-21 cells maintained at 75% confluency. Transfected 
20 cells were propagated in 35 mm dishes, and incubated at 37*'C. 

The efficiency of transfection of BHK-21 cells with SINrep/lac Z RNAs 
after 9 hours was determined by two alternative methods. In the first method, 
transfected cells expressing P-galactosidase were determined by direct staining with X- 
gal (5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside), after first fixing cells with 2% 
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cold methanol, as described previously (MacGregor et al.. Cell MoL Genet, 75:253-265, 
1987). In the second method, expression of p-galactosidase were determined by 
immunofluorescence, using a rabbit anti-p-galactosidase antibody. A portion of the 
cells transfected by either method described above were propagated on circular glass 
5 coverslips. contained in 35 mm dishes. At 9 hours post transfection (hpt). the media 
was removed by aspiration, and the cells were rinsed twice with PBS, and fixed with 
methanol by incubation overnight at -20T. The methanol was removed by aspiration, 
the cells were rinsed three limes with PBS, then incubated with 2% BSA (fraction V, 
Sigma, St. Louis, MO) for 30 minutes at rr?m temperature. Following Incubation with 
10 BSA to prevent non-specific antibody binding, the cells were incubated with the 
primary anii-P-galactosidase antibody (diluted 1:800 in 0.1% BSA/PBS) for 1 hour at 
room temperature. Excess primary antibody was then removed by aspiration and 
rinsing three times with 0,1% BSA in PBS. Following 1:100 dilution in 2% BSA in 
PBS, 100 ml of goat anti-rabbit-FITC conjugate secondary antibody (Sigma, St. Louis, 
1 5 MO) were added to the coverslips and incubated for 45 minutes at room temperature, in 
the dark. Excess secondary antibody was removed by rinsing the covershps twice with 
0.1% BSA in PBS, and once with PBS. The coverslips were then mounted cell side 
down on a drop of Cytoseal 60 mounting media (Stephens Scientific, Riverdale, NJ), 
placed on a microscope slide. Fluorescence microscopy was used to determine the 
20 frequency of cells expressing P-galactosidase, in order to determine the transfection 
efficiency. 

The level of p-galactosidase in whole transfected cell lysates was 
detennined at 9 hpt, by two alternative methods. In the first method, transfected cells 
were rinsed with PBS after aspiration of the media, and 250 ^1 of reporter lysis buffer 

25 (Promega, Madison, WI) per 10* cells was added to each dish. P-galactosidase 
expression levels were determined by mixing the supernatant fiction from cell lysates, 
processed by micro centrifiigation at 14,000 r.p.m. for I minute at room temperature, 
with a commercially available substrate detection system (Lumi-gal, Clontech, Palo 
Alto, CA), followed by luminometry (Analytical Luminescence Laboratory, San Diego, 

30 CA). In the second method, the activity of p-galactosidase was determined as described 
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previously by Sambrook and Maniatis (1989, 2nd ed. Cold Spring Harbor Laboratory 
Press, NY). Briefly, transfected cells were rinsed with PBS after aspiration of the 
media, and 200 ^1 of TTE lysis buffer (10 mM Tris-HCl pH 8,0/1 mM EDTA/0.2% 
Triton X-100) per 10* cells was added to each dish. Following pelleting of cell debris 
5 from the cell lysate by micro centrifugaiion at 14.000 r.p.m. for 1 minute at room 
temperature, 50 ^il of the supernatant was added to 0.5 ml of Z buffer pH 7.0 (60 mM 
Na2HPO/40 mM NaH^POy 10 mM KCI/10 mM MgS04/50 mM 2-mercaptoethanol) 
and incubated at 37**C for 5 minutes. P-gaiactosidase activity in samples was then 
determined by spectrophotometry (420 nm) after addition of 0.2 ml of a solution 

10 containing 4 mg/*ml of the chromogenic substrate o-nitrophenyl-b-D-galactopyranoside 
(ONPG; SIGMA. St. Louis. MO), in Z buffer. The samples were incubated at 31°C 
until the yellow color developed (approximately 5 minutes), and the reactions were 
terminated by addition of 0.5 ml of 0.5 M Na^COj. 

The level of P-galactosidase expression in transfected BHK-2I cells was 

15 determined according to the methods described above, and is illustrated in the table 
shown below. The data indicated are normalized for varying transfection efficiency, as 
described above. 



Replicon Transfected Expression of P-gal, Standard Deviation 

relative to SINrep/lacZ 

SINrep/IacZ ' To 

SINrep/SIN-l nsP2/lacZ 3.2 ± 0.4 

SINrep/SIN-1 nsP3/lacZ 0.2 ±0.0 

SINrep/SIN-l nsPM/lacZ 5.2 ±1.3 



20 The results demonstrate that the replicon vectors derived fiom the SIN-1 

variant strain are indeed functional. When transfected into BHK-21 cells, the level of 
expressed reporter protein are higher than that observed in wild type virus-derived 
vector transfected cells. Furthermore, as with the phenotype for establishment of 
productive persistent infection, the higher level of P-galactosidase expression in BHK- 
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21 cells transfected with the SIN- 1 -derived replicon vectors mapped primarily to the 
nsP 2 gene. 

EXAMPLE 4 

5 Preparation of SIN 1 -Based DN A Vectors 

A. Construction of Plasmid DNA STN-1 Derived Expression Vectors 

Efficient initiation of the Sindbis virus infectious cycle can occur in vivo 
from a genomic cDNA clone contained within an RNA polymerase II expression 

10 cassette (Dubensky et al., J, Virol 70:508-519, 1996.). The ability to express functional 
alphavirus genes from a DNA formal has enabled two new alphavirus-based gene 
expression systems to be developed: (1) a plasmid DNA-based vector with applications 
for genetic immunization, and (2) the production of packaged alphavirus particles in 
ceils co-transfected with vector replicon and DH plasmid DNAs. Previously, molecular 

15 approaches to produce infectious Sindbis virus RNA and its derived complementary 
vectors were restricted primarily to in vitro transcription of cDNA clones from a 
bacteriophage RNA polymerase promoter followed by transfection into permissive 
cells. 

The plasmid DNA-based alphavirus derived expression vector is known 
20 as ELVS'^"^ (Eukaryotic Layered Vector System). The ELVS'^^ plasmid DNA vector 
involves the conversion of a self-replicating vector RNA (replicon) into a layered DNA- 
based expression system. Within certain embodiments the first layer has a eukaryotic 
(e.g. RNA polymerase 11) expression cassette that initiates transcription of a second 
layer, which corresponds to the RNA vector replicon. Following transport of the 
25 replicon expressed from the first layer from the nucleus to the cytoplasm, autocatalytic 
amplification of the vector proceeds according to the viral (e.g. alphavirus) replication 
cycle, resulting in expression of the heterologous gene. 

Construction of plasmid DNA expression vectors derived from SIN- 1 
virus or those variants selected as taught in Example 2 were performed with 
30 modifications of methods previously described (Dubensky et al., J. Virol 7(?:508-5l9, 
1996). The expression vector was assembled on the plasmid vector pBGSlSl (ATCC 
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No, 37443), which is a knamycin resistant analogue of pUC 9 (Spratt et al.. Gene 
^7:337-342, 1986). pBGS131 and its derived plasmids were propagated in LB medium 
containing 20 ^g/ml kanamycin. 

To facilitate insertion of heterologous sequences into the expression 
5 vector, the Xho I recognition sequence, located within the translationai reading frame of 
the kanamycin gene in pBGS131, was removed by insening a partially complementary 
12-mer oligonucleotide pair that contained XIjo I sticky ends. The XIw I recognition 
site was lost as a result of the insertion, as shown below: 

10 Oligonucleotide 1 : (SEQ. ID NO. 33) 
5'-TCGATCCTAGGA 

pBGS 1 3 1 sequence after 

Original pBGS 1 3 1 sequence Paired Oligonucleotides insertion of 1 2-mer 

SerArg ' SerlleLeuGlySerArg 

CTCGAGGC TCGATCCTAGGA CTCGATCCTAGGATCGAGGC 

GAGCTC CG AGGATCCTAGT GAGCTAGGATCCTAGCTCCG 

(Xho I site: CTCGAG) (SEQ. ID NOS. 33-36 and 104). 

15 

The oligonucleotide is gel annealed in equal molar concentrations in the 
presence of 10 mM MgCl^, heated to 100°C for 5 min, cooled slowly to room 
temperature, and phosphorylated with polynucleotide kinase. The oligonucleotide was 
ligated at a 200:1 ratio of insert:plasmid vector to pBGS131, which was prepared by 

20 Xho I digestion and CIAP treatment. The resulting plasmid is called pBGS131 dlXho 1. 
The growth rates of XLl-Blue (Stratagene) transformed with pBGS131 or pBGS131 
dlXho I plasmids in LB medium containing 20 \xg/m\ kanamycin was indistinguishable 
over a time course between 1.5 and 8 hours. 

The bovine growth homione (BGH) transcription 

25 terminaiion/polyadenylation signal was inserted between the Sac I and Eco RI sites of 
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pBGS131 dlXho I. The BGH transcription termination sequences were isolated by PCR 
amplification using the primer pair shown below and the pCDNA3 plasmid (Invitrogen, 
San Diego, CA) as template. 

5 Fonvard primer BGHTTF (buffer scQucnce/Sac I site/pCDN A 3 nts 1 1 i 
(SEQ. ID NO. 37) 

5'-TATATATGAGCTCTAATAAAATGAGGAAATTGCATCGCATTGTC 

Rgvgf^g Primgr BC/HTTR (buffer seouence/£c^ RT site/nCDNA3 n t s nsO-H^) - 
10 (SEQ. ID NO. 38) 

5'-TATATGAATTCATAGAATGACACCTACTCAGACAATGCGATGC 

The primers shown above were used in a PCR reaction with a three 
temperature cycling program, using a 30 sec extension period. The 58 bp amplified 

15 product was purified with the PCR purification kit (Qiagen Chatsworth, CA). digested 
with Sac I and Eco RI, purified with GENECLEAN II, and ligated into Sac VEco RI 
digested, CLAP treated pBGS13L The plasmid is known as pBGS131 dIATro I-BGHTT. 

The 3* end of the Sindbis virus-derived plasmid DNA expression vector 
was then inserted into the pBGS13l dVGio I-BGHTT construct. This region of the 

20 vector contains the following ordered elements: Sindbis virus 3* end non-translated 
region (3* NTR); a 40-mer poly(A) sequence; the hepatitis delta virus (HDV) 
antigenomic ribozyme; and a Sac I recognition sequence. Construction of these ordered 
elements was accomplished by nested PCR, using the primers shown below and the 
pKSSIN-l-BV plasmid (Example 4) as template. 

25 

Forward primer: SINl 1 386F (buffer seoiienceWor I site/.ST N nts 1 1386.1 14n7V 
(SEQ. ID NO. 31) 

5'-TATATATATATGCGGCCGCCGCTACGCCCCAATGATCCGAC 
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Nested primer: dAHDVIF (r>oMA)nmv RR7 l-4^v (SEQ. ID NO. 39) 
5'-AAAAAAAAAA GGGTCGGCAT GGCATCTCCA CCTCCTCGCG 
GTCCGACCTG GGCATC 

5 Reverse primer: SacHDV77R (buffer seQuence/^gc I site/HD V RBZ nts 77,^7) - 
(SEQ.ro NO. 40) 

5'-TATATGAGCTCCTCCCTTAGCCATCCGAGTGGACGTGCGTCCTCCTT 
CGGATGCCCAGGTCGGACCGCG 

1 0 The primers shown above were used in a PGR amphfication according to 

the reaction conditions and three temperature cycling program described in Example 4, 
with an extension time of 30 sec. The 422 bp amplified product was purified with a 
PGR purification kit (Qiagen Chatsworth, CA), digested with Not I and Sac I, purified 
with GENECLEAN II. and ligated into Not USac I digested, ClAP-treated pKSSIN-1- 
15 BV. This construct is icnown as pKSSIN-lBV/HDVRBZ and contains Sindbis virus- 
derived plasmid DNA expression vector sequences from the Bgl II site at Sindbis nt 
2289 extending through the 3* end of the vector including the HDV ribozyme sequence. 

Plasmid pKSSIN-lBV/HDVRBZ was then digested with Bgl II and 
Sad, the 5815 bp fragment was isolated by 1% agarose/TBE gel electrophoresis, 

20 purified with GENECLEAN II. and was insened into Bgl lUSac I digested, CIAP- 
treated pBGS131 dWio I-BGHTT to generate the plasmid construct known as 
pBG/SIN-lBglLF. This construct contains the region of the Sindbis virus expression 
vector fi-om plasmid pKSSIN-lBV/HDVRBZ described above with the 3' end fused to 
the BGH transcription termination sequence on the pBGS131 dlA:^o I plasmid. 

^5 Assembly of the Sindbis virus plasmid DNA vector was completed by 

insertion of the CMV promoter juxtaposed with the first 2289 nts of the Sindbis virus 
genome (includes the 5' viral end and a portion of the nsPs genes) into the pBG/SIN- 
IBglLF plasmid. Using an overlapping PGR approach, the CMV promoter was 
positioned at the 5' viral end such that transcription initiation results in the addition of a 

30 single non-viral nucleotide at the 5' end of the Sindbis virus vector replicon RNA. The 
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CMV promoter was amplified in a first PCR reaction fi-om pCDNA3 (Inviirogen, San 
Diego, CA) using the following primer pair: 

Forward primer: pCgg/233F (buffer sequence/Bgl II rec ognition seguence/CMV 
5 prompter nts 1 - 2 2): (SEQ. ID NO. 41) 

5'-TATATATAGATCTTTGACATTGATTATTGACTAG 

Reverse primer: SMCMVl 142R (SIN nts 8-1/rMV pro nts 1 142-1 10«V 
(SEQ. ID NO. 42) 

10 5'-CCGTCAATACGGTTCACTAAACGAGCTCTGCTTATATAGACC 

The primers shown above were used in a PCR reaction according to the 
reaction conditions and three temperature cycling program described in Example 4, with 
an extension time of 1 min. 
15 The SrN-1 5' end was amplified in a second PCR reaction from 

pKSRSIN-lg clone (Example 1) using the following primer pair: 

Forward nrimen CMVSINIF (CMV nro nts 1 124-1 142/S IN nts 
(SEQ. ID NO. 43) 

20 

5'.GCTCGTTTAGTGAACCGTATTGACGGCGTAGTACACAC 



Reverse primer: STN 3 1 82R (SIN nts 3 1 R7^^ 1 60 V (SEQ. ID NO. 44) 

25 

5*-CTGGCAACCGGTAAGTACGATAC 



The primers shown above were used in a PCR reaction with a three 
temperature cycling program using a 3 min extension period. 
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The 930 bp and 3200 bp amplified products were purified with a PCR 
purification kit (Qiagen) and used together in a PCR reaction with the following primer 
pair: 

5 Forward primer: pCff^/233F : (SEQ. ID NO, 4 1 ) 

5*-TATATATAGATCTTTGACATTGATTATTGACTAG 
Reverse primer: (S^W nts 2300-227SV (SEQ, ID NO. 45) 

10 

5'-GGTAACAAGATCTCGTGCCGTG 



The primers shown above were used in a PCR reaction with a three 
temperature cycling program using a 3.5 min extension period. 

15 The 26 3' terminal bases of the first PCR ampHfied product overlap widi 

the 26 5' terminal bases of the second PCR amplified product; the resultant 3200 bp 
overiapping secondary PCR amplified product was purified by 1% agarose/TBE 
electrophoresis, digested with Bgl II, and Hgated into Bgl 11 digested. CIAP-treated 
pBG/SIN-lBglLF. This construct is called pBG/SIN-1 ELVS 1.5. 

20 As discussed within Example 1. relatively few nucleotide point changes 

in the nsP gene sequence of wild-type Sindbis virus result in the phenoiype 
characteristic of SIN- 1. No new restriction enzyme recognition sites are generated as a 
result of these nucleotide changes which facilitate clones derived fi-om wild-type and 
SIN-1 genotypes to be easily distinguished. A PCR-based diagnostic assay was 

25 therefore devised as a rapid method for identification of SIN-1 derived clones. Briefly, 
forward primers were designed so that a particular base change between SIN-1 and 
wild-type was positioned at the 3* tenoiinal base of the primer. One primer contained 
the SIN-1 nucleotide while another contained the wild-type nucleotide. A reverse 
primer in a region downstream conserved between both genotypes was used in 

30 combination with each forward primer. At the correct annealing temperature. SIN-I 
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templates were only amplified in reactions containing SIN-1 forward primers. The 
primer sequences used to distinguish wild-type and SIN-1 genotypes is given below. 
The reaction conditions were as described throughout the examples contained herein. 

5 Primer Set I: 

Forward primers: 

WTIOOF 5'-GTC CGT TTG TCG TGC AAC TGC 

(SEQ. ID NO. 105) 

10 SIN- 1 1 OOF: 5'-GTC CGT TTG TCG TGC AAC TGA 

(SEQ. ID NO. 106) 

Reverse primer: 
SIN2300R 

15 

PGR Program: (95^-30", 72»C-2') 20 cycles 

Primer .<;et 2; 

Forward primers: 

20 WT3524F 5'-CAA TCT TCC TCA CGC CTT AGC 

(SEQ. ID NO. 107) 

SIN-13524F 5'-CAATCTTCCTCACGCCTTAGT 
(SEQ. ID NO. 108) 

25 

Reverse primer: 
SIN5448R 

PGR Program: (95'C-30". eO'C-SO", 72"'C-2*) 20 cycles 

30 
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Primer Set 3: 

Forward primers: 

WT7592F 5TCC TAA ATA GTC AGC ATA GTA 

(SEQ.IDNO. 109) 

SIN- 1 7592F 5TCC TAA ATA GTC AGC ATA GTT 
(SEQ. ID NO. 110) 



Reverse primer: 

10 SIN7643R 5'-TATATCTCGAGGGTGGTGTTGTAGTATTAGTCAG 

(SEQ- ID NO. Ill) 

PGR Program: (95T-30\ 60*»C-30". 72"C-2') 20 cycles 

15 Reporter protein expression vectors were constructed by inserting the 

lacZ, SEAP, or luciferase reporter genes into the pBG/SIN-1 ELVS 1.5 vector 
backbone. In separate reactions, the pKS-P-gal, pSK-SEAP, and pKS-Iuc plasmids 
(Example 4), were digested with A7io I and Not I. The fragments containing the lacZ, 
SEAP, or luciferase genes were isolated by 1% agarose/TBE gel electrophoresis and 

20 purified subsequently with GENECLEAN II. These reporter genes were then iigated in 
separate reactions with XlioVNot I digested, CIAP-treated pBG/SIN-1 ELVS 1.5 
plasmid. These constructs are known as pBG/SIN-1 ELVS 1.5-p-gaI, pBG/SIN-1 
ELVS 1.5-SEAP, andpBG/SIN-I ELVS 1.5-luc. 

25 B. Expression of Heterologous Proteins in Cells Transfect ed with dBG/STN-I 
ELVS 1.5-SEAP. pBG/SIN-1 ELVS L5-luc or pBG/SIN-1 ELVS K5-p-pal 

Expression Vectors 

The pattern of secreted alkaline phosphatase, luciferase, and P- 
galactosidase reponer gene expression in BHK cells transfected with pBG/SIN-1 ELVS 
30 1.5 or pBG/wt ELVS 1.5 vectors was compared. The pBG/wt ELVS 1.5 plasmid 
contains sequences derived from wild-type Sindbis virus, rather than the SIN-1 variant. 
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Construction of the pBG/wt ELVS 1.5 expression vectors was exactly as described 
herein for the pBG/SIN-l ELVS 1.5 expression vectors, except that full-length genomic 
cDNA derived from wild-type Sindbis virus (Dubensky et al., WO 95/07994) was used 
as the template for the vector construction. Construction of the pBG/wt ELVS 1.5 
5 expression vector has been described previously (Dubensky, supra,); thus, although the 
strains, and therefore the sequences, are different, the Sindbis virus-specific regions 
contained in the pBG/wt ELVS 1.5 and pBG/SIN-l ELVS 1.5 expression vectors are 
the same. 

Baby hamster kidney-21 (BHK-21) cells maintained at 75% confluw.cy 
10 in 12 mm dishes were transfected with LO ng of pBG/SIN-1 ELVS 1.5 or pBG/wt 
ELVS 1.5 expression vector plasmid DNAs complexed with 4.0 ^xl of a commercially 
available lipid (Lipofectamine, GIBCO-BRL). Otherwise, transfection conditions were 
as suggested by the lipid manufacturer. Eagle minimal essential medium supplemented 
with 5% fetal bovine sera was added to the cells at 4 hours post transfection (hpt), 
15 unless otherwise indicated. Transfected cells were incubated at 37°C. At various times 
post transfection, as indicated below, several assays were performed to compare vector- 
specific RNA synthesis, and expression of secreted alkaline phosphatase, luciferase, or 
p-galactosidase reponer gene expression in cells transfected with pBG/SIN-l ELVS 1.5 
or pBG/wt ELVS 1.5 plasmid DNAs. 
-0 The levels of alkaline phosphatase secreted into the culture medium of 

BHK cells transfected with pBG/SIN- 1 ELVS-1 1.5-SEAP or pBG/wt ELVS 1.5-SEAP 
plasmid DNA were compared. Cell culture medium was assayed for the presence of 
alkaline phosphatase with the Phospha-Light™ chemiluminescent reporter gene assay, 
according to the directions of the manufacturer (Tropix, Inc., Bedford, MA). Briefly, 
25 10^1 of cell culture supernatant was mixed with 3Q\i\ of Dilution Buffer and incubated 
for 30 minutes at 65''C. The sample was allowed to cool to room temperature before 
mixing with 40^1 of Assay Buffer. The sample was incubated for five minutes at room 
temperature followed by the addition of 40^1 of Reaction Buffer. Samples were 
incubated for 20 minutes at room temperature. Total luminescence was measured on an 
30 ML3000 microtiter plate luminometer (Dynatech. Inc., Chantilly, VA) in cycle mode. 
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and alkaline phosphatase (AP) in the culture medium of BHK cells transfected with 
pBG/SIN-1 ELVS-I I.5-SEAP or pBG/wt ELVS 1.5-SEAP plasmid DNAs, were 
determined at 48 hpt, and the results are shown in the table below. 

Plasmid Transfected RLU at 48 hpt 

pBG/SIN-1 ELVS 1.5-SEAP 18 ± 1.7 

pBG/wt ELVS 1.5-SEAP 94 ±10.7 

pCDNA3 0.13 ±0.04 

5 

Additionally, the levels of vector-specific RNAs synthesized in BHK-21 
cells transfected with pBG/SIN-l ELVS L5-SEAP or pBG/wt ELVS 1.5-SEAP 
plasmids were detemiined by Northern blot analysis, exactly as described previously 
(Dubensky, supra,), at 48 hours post-transfection. The results of this experiment are 

10 shown in Figure 9 A. Total cellular RNA was isolated from transfected BHK cells with 
Tri-Reagent as described by the manufacturer (Molecular Research Center, Inc., 
Cincinnati, OH). Total cellular RNA concentrations present in samples from 
transfected BHK cells were determined spectrophotometrically. Additionally, material 
isolated from transfected cells was determined to be intact by electrophoresis of 0.5 ug 

15 of total cellular RNA through 0.7% agarose/TBE mini gels, stained 10 ul/ml of 
ethidium bromide. Northern blot analysis was performed according to Sambrook and 
Maniatis (1989, 2nd ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.). In 
order that RNA from all transfected samples could be visualized on a autoradiogram 
fitjm a single Northern blot analysis, 2.5 ug and 30 ug of RNA were loaded per lane 

20 from pBG/wt ELVS 1.5-SEAP and pBG/SIN-1 ELVS 1.5-SEAP transfected cells, 
respectively. Four samples of RNA, from individual transfections with both plasmids 
tested, were electrophoresed through 0.7% formaldehyde agarose gels and transferred to 
Zeta-probe membrane (Bio-Rad, Richmond, CA). The blot was hybridized with 
random-primed probes corresponding to the alkaline phosphatase gene. The results of 

25 this experiment in which the levels of vector-specific RNA synthesis and AP expression 
in transfected BHK cells were compared at 48 hpt, demonstrate that while the level of 
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vector-specific RNA synthesized in cells transfected with pBG/SIN-1 ELVS 1.5-SEAP 
DNA was at least 100-fold lower than in pBG/wt ELVS 1 .5-SEAP transfected cells, the 
levels of AP were only 5-fold lower in cells transfected with pBG/SIN-1 ELVS 1.5- 
SEAP DNA, compared to pBG/wt ELVS 1. 5-SEAP DNA. 
5 The levels of alkaline phosphatase secreted into the culture medium of 

BHK cells transfected with pBG/SIN- 1 ELVS-1 1 .5-SEAP or pBG/wt ELVS 1.5-SEAP 
plasmid DNA were also compared over a 7 day time-course. The results of this study, 
illustrated in Figure 9B, demonstrate that the levels of AP present in the culture medium 
at early time points were much lower in cells transfected with pBG/SIN-1 ELVS-1 1.5- 

10 SEAP plasmid, compared to pBG/wt ELVS 1.5-SEAP plasmid. However, the level of 
AP expressed in cells transfected with the SIN- 1 Sindbis virus variant strain-derived 
vectors rapidly increased and was higher than in cells transfected with wild-type virus- 
derived vectors by the 96 hpt time point. 

The luciferase levels present in BHK ceils transfected with pBG/SIN-1 

15 ELVS-1 1.5-luc or pBG/wt ELVS 1.5-luc plasmid DNA were compared at 24, 48, and 
72 hpt. The luciferase expression levels were quantitated by adding 250 fil of reporter 
lysis buffer (Promega, Madison WI) per 10^ transfected cells, centrifuging the lysate at 
14,000 rpm for 1 min, and then mixing the supernatant fraction from the cell lysates 
with a commercially available substrate detection system (Promega, Madison WI). 

20 followed by luminometry (Analytical Luminescence Laboratory, San Diego, CA). The 
results from this experiment (shown in the table below), and shown graphically in 
Figure 10, parallel the results observed with the alkaline phosphatase expression 
vectors. At early times post transfection the luciferase expression levels were lower in 
BHK cells transfected with pBG/SIN-1 ELVS 1.5-luc plasmid. compared to pBG/wt 

25 ELVS 1.5-luc plasmid. However, at the 48 and 72 hpt time points, the luciferase levels 
were similar in BHK cells transfected with Sindbis virus SIN-1 variant strain- and wild- 
type-derived expression vectors. 



SUBSTITUTE SHEET (RULE 23) 



wo 99/18226 



PCT/US98/2I062 



140 



Plasmid Transfected Hr. Post Relative Light Units 

Trans- (Ave, ± SD) 

fection 

pBG/SIN-1 ELVS 1.5-luc 24 1.2 x 10' 

pBG/wt ELVS 1.5-luc 2.1 x 10' 

pBG/SIN-1 ELVS 1.5-luc 48 3,3 x 10' 

pBG/wt ELVS 1 .5-Iuc 4,1x10' 

pBG/SIN-1 ELVS 1.5-Iuc 72 1.8 x 10' 

pBG/wt ELVS 1.5-luc 5.8 x 10' 

pCDNA3 48 482 

The efficiency of transfection of the pBG/SIN-1 ELVS 1.5-P-gal and 
pBG/wt ELVS 1.5-p-gal plasmids in BHK cells at 48 hpt was determined by direct X- 
gal (5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside) staining of the cell monolayer 
5 (MacGregor. Cell Mol Genet. 13:253-265, 1987), in order to measure directly the 
number of cells expressing P-galactosidase. The transfection efficiencies were 
equivalent, and are shown in the table below. 

Plasmid Transfected No. Blue Cells/1 OOX Field 

pBG/SIN-1 ELVS 1 .5-p-gal 24 + 3 

pBG/wt ELVS 1 .5-p.gal 26 ± 7 

10 The levels of vector-specific RNAs synthesized in BHK-2I cells 

transfected with pBG/SIN-1 ELVS 1.5-p-gal or pBG/wt ELVS L5-p-gal plasmids 
were determined by Northern blot analysis, exactly as described previously (Dubensky, 
supra,), at 48 and 72 hours post-transfection. Total cellular RNA was isolated from 
transfected BHK cells with Tri-Reagent as described by the manufacturer (Molecular 

15 Research Center, Inc., Cincinnati, OH). Total cellular RNA concentrations present in 
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samples from BHK cells transfected with pBG/SIN-1 ELVS 1.5-p-gal or pBG/wt 
ELVS 1.5-P-gal plasmids were determined spectrophotometrically. Additionally, 
material isolated from transfected cells was determined to be intact by electrophoresis 
of 0.5 ug of total cellular RNA through 0.7% agarose/TBE mini gels, stained 10 ul/ml 
5 of ethidium bromide. Northern blot analysis was performed according to Sambrook and 
Maniaiis (1989, 2nd ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.). 
In order that RNA from all transfected samples could be visualized on a autoradiogram 
from a single Northern blot analysis, 2.5 ug and 5 ug of RNA were loaded per lane 
from pBG/wt ELVS 1.5-p-gal and pBG/SIN-l ELVS L5-P-gal transfected cells, 
10 respectively. Two samples of RNA, from individual transfections with both plasmids 
tested, at 48 and 72 hpt, were electrophoresed through 0.7% formaldehyde agarose gels 
and transferred to Zeta-probe membrane (Bio-Rad, Richmond, CA). The blot was 
hybridized with random-primed probes corresponding to the P-galactosidase gene. The 
results of this experiment, shown in Figure 11 A. demonstrate that the level of vector 
1 5 specific RNA synthesized in cells transfected with pBG/SIN-1 ELVS 1 .5-P-gal DNA at 
48 and 72 hours post transfection was at least 100-fold lower than the level of RNA 
detected in pBG/wt ELVS 1.5-p-gal transfected cells. 

Additionally the P-galactosidase expression levels were quantitated in 
transfected whole cell lysates by adding 250 ^xl of reporter lysis buffer (Promega, 
20 Madison WI) per 10^ transfected cells, centrifliging the lysate at 14,000 rpm for 1 min, 
and then mixing the supernatant fraction from the cell lysates with a commercially 
available substrate detection system (Clontech, Palo Alto, CA), followed by 
luminometry (Analytical Luminescence Laboratory. San Diego, CA). The results from 
this experiment (shown in the table below, and graphically in Figure 9C) demonstrate 
25 that at early times post transfection the p-galactosidase expression levels were 
significantly lower in BHK cells transfected with pBG/SIN-1 ELVS 1.5-p-gal plasmid, 
compared to pBG/wt ELVS L5-p-gal plasmid. However, reporter expression rapidly 
increased over the time-course in pBG/SIN-1 ELVS 1.5-p-gal transfected cells such 
that the P-galactosidase levels were higher than in wild-type virus transfected cells at 
30 the final 1 20 hr time point. 
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Plasmid Transfected 



Hr. Post 
Trans- 
fection 



Relative Light Units 
(Ave,±SD) 



pBG/SIN-1 ELVS 1.5-P-gaI 
pBG/wtELVS 1.5-P-gal 



24 



54030 ± 7348 
480 1590 ± 74,425 



pBG/SIN-1 ELVS 1.5-P-gai 
pBG/wt ELVS 1.5-p-gal 



48 



310830± 31083 
2214921 ±248071 



pBG/SIN-l ELVS 1.5-p-gal 
pBG/wt ELVS 1.5-p.gal 



72 



1443474 ±98156 
3793524 ± 857336 



pBG/SIN-I ELVS I.5-p-gaI 
pBGAvtELVS 1.5-p-gal 



96 



2232585 ±299166 
3514262 ±548225 



pBG/SIN-1 ELVS 1.5-p-gaI 
pBG/wt ELVS 1.5-p-gal 



120 



3200910 ± 128036 
1986537 ± 166869 



pCDNA3 



3637 



10 



Expression of p-galactosidase in cells transfected with the pBG/SIN-1 
ELVS-1 1.5-p-gal or pBG/wt ELVS 1.5-p-gal plasmid DNAs was also measured 
5 directly by Western blot analysis using a monoclonal antibody specific for the reporter 
protein (Boehringer Mannheim), at the final 120 hpt time point. In parallel with the 
reporter protein activity determined at 120 hpt, the level of P-galactosidase protein was 
at the same level, or greater, in PBG/SIN-1 ELVS-1 1.5-P-gal transfected BHK ceUs, 
compared to pBG/wt ELVS 1 .5-p-gal, and is demonstrated in Figure 1 IC. 

Taken together, the results described herein demonstrate that the level of 
vector-specific RNA synthesized is at least lOO-fold less in pBG/SIN-1 ELVS 
transfected cells, compared to pBG/wt ELVS transfected cells. Importantly however, 
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after a 48-72 hour lag, the levels of reponer gene expression are equivalent, or higher, 
in pBG/SIN-1 ELVS transfected cells, compared to pBG/wt ELVS transfected cells. 
The phenotype of pBG/SIN-1 ELVS, characterized by high expression levels combined 
with low vector-specific RNA synthesis in transfected cells, is due likely to the 
5 diminished, or absent, inhibition of host cell protein synthesis. This property of 
pBG/SIN-l ELVS thus results in much higher levels of expressed reporter protein per 
subgenomic mRNA translation template in transfected cells, compared to pBG/wt 
ELVS. In summary, the phenotype of the piasmid DNA expression vectors derived 
from the SIN-1 variant strains follows the parent virus, in terms of equivalent 
10 expression levels, combined with relatively low levels of RNA synthesis, compared to 
wild-type virus derived- vectors. As vectors do not contain any of the Sindbis virus 
structural proteins, this phenotype must map to the nonstructural genes of the SIN-1 
virus variant. 



15 

EXAMPLE 5 

Modifications of plasmid DNA SIN-1 derived expression vectors 



Expression levels of heterologous genes in target cells from alphavinis- 
20 based vectors are affected by several factors, including host genus and vector 
configuration. For example. P-galactosidase expression levels are 10- to 100-fold 
higher in BHK cells, compared to some human cells, such as HT1080, transfected with 
pBG/ELVS vectors. The levels of reporter gene expression in BHK and several human 
cell lines transfected with pBG/wt ELVS 1.5-Pgal plasmid DNA {see example 4) were 
25 compared in order to establish the relative level of vector-specific expression in cell 
types derived from the intended in vivo target genus. The levels of P-galactosidase 
expression in BHK cells and HT1080 (ATCC CCL 121) cells, a human fibrosarcoma 
line, transfected with pBG/wt ELVS 1.5-Pgal plasmid. or with a conventional plasmid 
expression vector, were determined. The conventional plasmid vector was constructed 
30 by insertion of the lac Z gene (Promega, Madison, WI) into the CMV promoter-driven 
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pUC-derived expression plasmid multiple cloning site (Invitrogen, San Diego, CA), and 
is known as pCMV-P-gal. The results of this study, given in Figure 12 A, demonstrate 
that the level of P-galactosidase expression was nearly 100-fold lower in HT1080 cells 
transfected with pBG/wt ELVS 1.5-Pgal plasmid DNA, compared to BHK cells. Cells 
5 were also transfected with pCMV-p-gal in order to segregate RNA polymerase II 
expression from Sindbis virus vector replicon expression. In this experiment, while the 
expression decreased 5- to 10-fold in HT1080 cells transfected with pCMV-p-gal 
plasmid, compared to BHK cells, expression decreased nearly 100-fold in HT 1080 
cells transfected with pBG/wt ELVS 1.5-PgaI plasmid DNA. Thus, the resuhs indicate 

10 that the dramatic decrease of reporter gene expression in HT1080 cells transfected with 
pBG/wt ELVS 1.5-Pgal plasmid DNA is due in part to the diminished activity of the 
Sindbis virus vector replicon in these human cells. 

Given the overall plasticity of the RNA alphaviral genome and the 
propagation of vims in BHK cells, it is not surprising that the expression levels of 

15 heterologous genes are highest in the host cell lines from which the vectors were 
derived. Thus, selection of alphavimses with the SIN- 1 phenotype (as described in 
Examples 1 and 2), characterized by comparatively low viral RNA levels and equivalent 
virus production levels, combined with delayed or absent inhibition of host cell protein 
synthesis, can be performed in any human primary, or diploid or polyploid human cells. 

20 In addition to selecting alphavimses with desired phenotypes in cells 

(e.^., human) which more closely parallel target cells in vivo, several alternative 
modifications of the prototype plasmid DNA expression cassette components can also 
be performed. For example, substitution of the MoMLV RNA polymerase II promoter 
with the stronger CMV immediate early (IE) promoter significantly enhances the level 

25 of heterologous gene expression in transfected cells (Dubensky et al., J. Virol. 76?:508- 
519, 1996, and Dubensky et al., W/0 95/07994), Further, juxtaposition of introns, for 
example SV40 small t antigen or CMV inODn A, either upstream or downstream from 
the heterologous gene, can increase the level of heterologous gene expression in some 
transfected cell types (Dubensky et al., supra.). 
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Several further alternative modifications of the prototype plasmid DNA 
expression cassette components can also be utilized in order to enhance the overall 
expression in transfected cells in vitro or in vivo. In one modification, the Hepatitis B 
virus (HBV) posnranscriptionai regulatory element (PRE) was insened in the pBG/wt 
5 ELVS 1.5-pgal plasmid DNA. The PRE sequence activates the transport of HBV S 
transcripts in cis from the nucleus to the cytoplasm. The PRE sequence appears to 
function independently of splice donor ar.d acceptor sites, and has been shown to 
activate cytoplasmic expression of a P-globin transcript not containing introns. It has 
been proposed that the PRE functions in cis to allow the export of nuclear transcripts 
10 that do not interact efficiently with the splicing pathway and hence are not exported 
well from the nucleus (Huang et al.. Molecular and Cellular Biology 75:3864-3869, 
1995). 

The PRE sequence was cloned into pBG/SIN-1 ELVS 1.5-Pgal by 
isolating first a PCR-generated 564 bp fragment of HBV from the full length genomic 
15 clone of the ADW viral strain. pAM6 (ATCC No. 39630). The amplified fragment 
extends from base 1238-1802 of the HBV genome. The primer sequences are given 
below. 

Forward Primer: NTPRE1238F (SEQ. ID NO. 46) 
20 5*.CCTATGCGGCCGCGTGGAACCTTTGTGGCTCCTC 

Reverse Primer: EAPRE1802R (SEQ. ID NO. 47) 
5*-CCTATTGGCCAGCAGACCAATTTATGCCTAC 

25 

The primers introduce a Not I recognition site at the 5* end of the 
fragment and an £ae I recognition site at the 3* end. Not I and Eae I have compatible 
sticky ends. The Eae I recognition site is internal to the Not I site, so Eae I cuts both 
30 sites. 
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The PCR fragment was digested with Eae I and cloned into Not I 
digested/CIAP treated pBG/wt ELVS 1.5-pgal. The correct clone retains the Not I site 
at the 5* terminus of the PRE and is called pBG/wt ELVS/PRE 1.5-PgaL 

The possible effect of the PRE sequence contained in ELVS plasmids on 
5 heterologous gene expression in transfected cells was determined. Briefly. BHK and 
HT1080 cells were cultured in 12 mm dishes to 75% confluency and transfected with 
500 ng of pCMV-p-gal, pBG/wt ELVS l.5-Pgal, or pBG/wt ELVS/PRE 1.5-Pgal 
plasmid DNA complexed with Lipofectamine (GIBCO-BRL, Gaithersburg. MD), and 
the level of p-galalactosidase expression was determined 48 hr later. Transfection 
10 efficiencies were determined by direct Xgal staining of transfected monolayers, as 
described in Example 4, and are shown in the table below. 





No. Blue ceIls/12 mm Dish 


Construct 


BHK 


HT1080 


pCMV-fi-gal 


549 


42 


pBG/wtELVS L5-Pgal 


146 


1 


pBG/wt ELVS/PRE l.5-Pgal 


334 


33 


Mock 


0 


0 



The results demonstrate clearly that the number of BHK or HT1080 cells transfected 
with ELVS plasmids expressing P-galalactosidase was increased dramatically by 

15 inclusion of the RNA transport PRE sequence in the vector. Further, these results 
indicate that one cause for the diminished heterologous gene expression levels in 
HT1080 cells, compared to BHK cells, transfected with ELVS plasmid DNA is the 
inefficient transport of the primary transcript from the nucleus. 

In parallel with the higher frequency of reporter protein expressing 

20 HTI080 cells transfected with ELVS plasmids containing the PRE sequence, the levels 
of P-galalactosidase were dramatically higher in lysates from HT1080 cells transfected 
with ELVS vectors containing the PRE sequence. These results are illustrated in 
Figure I2B, and taken together with the results shovm in the table above, demonstrate 
that functional vector replicons are transported inefficiently from the nucleus in human 

25 cells transfected with ELVS plasmids. Further, inclusion of the PRE sequence in the 
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ELVS plasmid construct increases the level of heterologous gene expression in all cells 
tested, demonstrating a clear relationship between efficiency of cytoplasmic vector 
replicon transport and overall heterologous gene expression level. 

Several other viral sequence elements which operate in cis to transpon 
5 unspliced RNAs have also been identified. For example, a 219 bp sequence, located 
between nts 8022 and 8240 near the 3' end of the Mason-Pfizer monkey vims (MPMV) 
genome, has been shown to enable Rev independent human immunodeficiency virus 
type 1 (HIV-1) replication (Bray et al., PA^^SP/: 1256- 1260, 1994). The MPMV RNA 
transport element, known as the constitutive transport element (CTE), is inserted into 

10 the pBG/SIN-l ELVS 1.5-pgal plasmid by first isolating a PCR-generated 219 bp 
fragment of MPSV from the full length genomic clone template (Sonigo et aL, Cell 
¥5:375-385, 1986), or the MPSV subgenomic clone pGEM7FZ(-)MPSV 8007-8240 (D. 
Rekosh, Ham-Rek Laboratories, SUNY at Buffalo, 304 Foster Hall, Buffalo, New 
York). The amplified fragment extends from base 8022-8240 of the MPSV genome. 

1 5 The primer sequences are given below. 

Forward Primer NMPVM8021F (SEQ. ID NO. 48) 

5*-CCTATGCGGCCGCTAGACTGGACAGCCAATGACG 

20 

Rgygr^g Primer; EMPMVS241R (SEQ. ID NO, 49) 
5'-CCTATTGGCCAGCCAAGACATCATCCGGGCAG 

25 The primers introduce a Not I recognition site at the 5' end of the 

fragment and an Eae I recognition site at the 3' end. Not I and Eae I have compatible 
sticky ends. The Eae I recognition site is internal to the Not I site, so Eae I cuts both 
sites. 
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The PCR fragment is digested with Eae I and cloned into Not I 
digested/CIAP treated pBG/wt ELVS 1.5-Pgal. The correct clone retains the Not I site 
at the 5' terminus of the PRE and is called pBG/wt ELVS/CTE 1.5-Pgal. 

In addition to the HBV PRE and MPSV CTE sequences, several RNA 
5 transport elements from other viral or cellular sources can be inserted into the ELVS 
plasmid constructs, as described above. For example, some of these elements include 
the HIV Rev responsive element (Malim et al., Nature, 338:254-257, 1989). the HTLV 
1 Rex element (Ahmed et. ah Genes Dev., ^: 1014-1022, 1990). and another cw-aciing 
sequence from simian retrovirus type I (Zolotukhin et al., J. ViroL, 68:1944-7952, 
1 0 1 994). In addition, each of the above RNA transport elements also may be incoiporated 
into the structural protein expression casettes, packaging cell lines, or producer cell 
lines described in Examples 6 and 7. 

In yet another modification of prototype ELVS vectors, expression of the 
alphavirus replicons can be driven from an RNA polymerase I promoter. Briefly, 
15 because RNA polymerase I promoters are not tissue specific and are expressed in 
essentially all human cells in the body, they provide an attractive aheraative for plasmid 
DNA-directed alphavirus replicon expression in transfected cells. For example, the 
human rDNA promoter (plasmid prHU3, Learned and Tjian, /. MoL Appl. Gen., 7:575- 
584, 1982), has been used to construct a vector for heterologous gene expression 
20 (Palmer et al., Nuc. Acids Res, 27:3451-3457, 1993). 

Thus, v^'ithin one embodiment of the invention a RNA polymerase I 
promoter can be juxtaposed with the 5' end of the replicon cDNA such that the first 
nucleotide transcribed in transfected cells corresponds to the authentic alphavirus 5* end. 
Identification of the RNA polymerase I promoter (e.g., plasmid prHU3) nucleotide at 
25 which transcription initiation occurs is determined as described previously (Dubensky et 
al.. W/O 95/07994). 

All modifications described herein can be performed with ELVS 
constructs containing the Sindbis virus wild-type or SIN-l nsPs, or nsP genes from any 
alphavirus. For example, all of the constmctions provided in Example 5 can also be 
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performed with plasmid pBG/SIN-1 ELVS 1.5-Pgal, whose construction is described in 
Example 4. 

j 

' EXAMPLE 6 

5 Construction of Alphavirus Packaging Cell Lines 

In the present invention, alphavirus packaging ceil lines (PCL) are 
provided, whereby the virus-derived structural proteins necessary for RNA packaging 
and formation of recombinant alphavirus vector particles are encoded by one or more 
10 stably transformed structural protein expression cassette(s). Synthesis of these proteins 
preferably occurs in an inducible manner, and in particularly preferred embodiments, 
via transcription of subgenomic mRNA from their native "junction region" promoter. 
Inducible subgenomic transcription is mediated by the input alphavirus vector RNA 
itself (Figure 13). Following primary transcription from the structural protein 

15 expression cassette(s). cytoplasmic amplification of the RNA transcript is initiated by 
vector-encoded nonstructural proteins, and ultimately leads to transcription from the 
junction region promoter and high level structural protein expression. The structural 
protein expression casettes may include any of the previously described elements of the 
present invention, including RNA transport elements {e,g., HBV PRE and MPMV CTE) 

20 and splicing sequences. Such PCL and their stably transformed structural protein 
expression cassettes can be derived using methods described within PCT application 
WO 95/07994. or using novel approaches described within this invention, PCL may be 
derived from ahnost any existing parental cell type, including both mammalian and 
non-manmialian cells. Preferred embodiments for the derivation of PCL are cell lines 

25 of human origin. 

A. CimstmctioTLOf Vcctor-Inducible Alphavirus PCT. 

For example, an alphavirus structmral protein expression cassette was 
constructed, whereby primary transcription from a CMV immediate early promoter 
30 produces an RNA molecule capable of efficient cytoplasmic amplification and 
stmctural protein expression only after translation of nonstructural replicase proteins 
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from the vector RNA. Specifically, plasmid pDCMV-dlnsPSIN (Dubensky et aL, J. 
ViroL 7{?:508-519. 1996). a DNA-based Sindbis defective helper (DH) vector, was 
modified to contain both a hepatitis delta virus (HDV) antigenomic ribozyme sequence 
(Perotta and Been. Nature i5^?:434-436, 1991) for 3'-end RNA processing, and an SV40 
5 small t antigen intron inserted within the region of nonstructural protein gene deletion. 
Due to restriction site duplications associated with insertion of the HDV ribozyme 
sequence, an additional plasmid from Dubensky et ai.. (ibid), pDLTRSINgHDV, was 
used as starting material to reconstruct the modified CMV-based DH consmict. 
Plasmid pDLTRSINgHDV, an LTR-based Sindbis genomic clone containing the HDV 
10 ribozyme, was digested with Bgl II to remove the existing LTR promoter and Sindbis 
nucleotides 1-2289 (numbering according to Strauss et al.. Virology 133:92-1 10, 1984). 
treated with calf intestinal alkaline phosphatase, and purified from a 0.7% agarose gel 
using GENECLE.^ 11™ (BiolOl, San Diego. CA). The corresponding 5*-end 
fragment with a CMV promoter was obtained by Bgl II digestion of the Sindbis 
15 genomic clone pDCMVSINg (Dubensky et al. ibid) and purification from a 1% agarose 
gel using GENECLEAN II, and then ligated into the Bgl //-deleted pDLTRSINgHDV 
vector to generate the construct pDCMVSINgHDV. This CMV-based genomic plasmid 
with an HDV ribozyme was shov^Ti to produce infectious Sindbis virus and cytopathic 
effect within 24 hr after transfection into BHK cells. Defective helper plasmid 
20 pDCMVdlnsPSINgHDV, containing the HDV ribozyme, was then constructed by BspE 
I digestion and relegation under dilute conditions, to remove nonstructural gene 
sequences between nucleotides 422 and 7054. Subsequently, the SV40 intron was 
synthesized by PGR and inserted into the region of nonstructiual protein gene deletion. 
Amplification of the SV40 intron sequence was accomplished by standard three-cycle 
25 PGR with a 30 second extension time, using plasmid pBR322/SV40 (strain 776. ATGG 
#45019) as template and the following oligonucleotide primers that were designed to 
contain flanking BspE I or Bam HI sites. 

Forward primer: BsoSVSDF fS'-rest. sit e/SV40 intmn sgg ) (SEQ. ID. NO. 50) 
30 5'-TATATATCCGGA/AAGCTCTAAGGTAAATATAAAATmT-3' 
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Reverse primer: BamSVSAR (g'-rest, .<;ite /SV4Q intrnn seg.^ (SEQ. ID. NO. 51) 
5'-TATATAGGATCCTAGGTTAGGTTGGAATCTAAAATACACAAAC.3' 

5 Following amplification, the DNA fragmem was purified using a QIAquick-spin PGR 
purification kit (Qiagen, Chatsworth, CA), digested with BspE I and Bam HI. purified 
from a 1,2% agarose gel using Mermaid'*^' (BiolOl, San Diego, CA), and ligated into 
the defective helper plasmid pDCMV-dlnsPSIN, which was also digested with BspE I 
and Bam HI, treated with calf intestinal alkaline phosphatase, and purified from a 0.7% 
10 agarose gel using GENECLEAN II, to generate the construct pDCMV-intSINrbz 
(Figure 14). Plasmid pDCMV-intSINrbz, which also contains an SV40 promoter- 
driven neomycin resistance selectable marker on another portion of the plasmid, was 
transfected into BHK cells using Lipofectamine™ (Gibco/BRL, Gaithersburg, MD), as 
described by the manufacturer. Approximately 24 hr post-transfection, the cells were 
15 trypsinized and re-plated in media containing 600 ug/ml 041 8 (neomycin). The media 
was exchanged periodically with fresh G418-containing media and foci of resistant cells 
were allowed to grow. Cells were trypsinized and cloned by limiting dilution in 96 well 
tissue culture dishes, and individual cell clones were grown and expanded for screening. 

Positive packaging activity for the individual clones was identified by 
20 LipofeclinT^< (Gibco/BRL, Gaithersburg, MD)-transfection with Sindbis vector RNA 
that expresses a luciferase reponer gene (described in Dubensky at al., ibid), harvesting 
the culture supemaiants at approximately 24 hr post-transfection, and assaying for the 
presence of packaged Sindbis-luciferase vector particles. In addition, initial transfection 
levels were determined by harvesting the transfected cell lysates using reporter lysis 
25 buffer (Promega, Madison, WI), and testing for the presence of luciferase activity by 
using luciferin substrate (Promega), as described by the manufacturer. To assay for 
packaged vector particles in the culture supematants, 1 ml of undiluted, clarified 
supernatant was used to infect fresh BHK cell monolayers for approximately 18 hr. The 
cells were subsequently lysed as above, and luciferase activity was determined. The 
0 presence of luciferase activity in the infected BHK cells was confirmation of packaged 
vector particles in the transfected cell supematants. Several positive cell clones 
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cassette, and functioning as PCL, were identified. Packaging data for two of the 
individual PCL clones (#10s-19 and #10s-22), that were representative of the group, are 
shown in Figure 15. In addition, the titer of packaged vector particles being produced 
5 was detennined by transfecting an individual PCL clone (#10s-22) with SIN-p-gal 
vector RNA (described in Dubensky et al., ibid). The culture supernatant was recovered 
at 48 hr post-transfection, clarified by passage through a 0.45 mm filter, and fresh BHK 
monolayers were infected with 10- fold dilutions of the supernatant. Approximately 14 
hr post-infection, the cells were washed with PBS, fixed with 2% formaldehyde, 
10 washed again with PBS, and stained with X-gal. Vector particle units were then 
determined by counting individual blue-stained cells. Packaged p-gal vector titers from 
this PCL clone were approximately 10*^ infectious units/ml of supernatant. Vector- 
controlled inducibility of Sindbis structural protein expression was demonstrated by 
western blot analysis using a polyclonal rabbit antiserum specific for the structural 
15 proteins. Positive lOs-22 PCL and negative control BHK cell lysates were made in 
Lameli sample buffer, either before (U; uninduced) or after (I; induced) transfection 
with SIN-P-gal vector RNA. As shown in Figure 16, the only cell lysate that showed 
expression of Sindbis structural proteins was the lOs-22 PCL clone after transfection 
with vector RNA. Differences in the apparent levels of expression between the capsid 
20 protein and envelope glycoproteins do not reflect the actual amounts of protein being 
made, rather, the lower stability of the envelope glycoproteins during the cell lysis 
procedure used for this particular experiment. 

Packaging activity of the CMV-based DH construct was also highly 
efficient in non-mammalian ceils, for example, C6/36 mosquito cells. The use of such a 
25 non-mammalian parental cell type for derivation of PCL may be particularly 
advantageous when the PCL are intended for subsequent use as starting material for the 
generation of vector producer cell lines. The advantage of this cell type is the namral 
abihty of alphaviruses to establish a persistent infection, without the mammalian cell- 
associated phenotype of inhibition of host macromolecular synthesis and resulting 
30 cytopathic effect (CPE). Thus a DNA-based alphavirus vector (Examples 4 and 5), with 
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an appropriate selectable marker, may be stably transformed into mosquito or other 
non-mammalian cell-derived PCL. Figure 1 7 A shows that both a DNA-based luciferase 
reporter vector and DH helper vector expressing Sindbis structural proteins, under the 
control of the CMV promoter, were fully ftinctional in C6/36 cells, as demonsn-ated by 
5 luciferase vector packaging, 

B. Construction of PCL with operahlv-^'n ked selertir.n marker 

In other embodiments of the present invention, a selectable marker is 
operably linked to transcription of the alphavirus structural protein expression cassette. 

10 In preferred embodiments, this operable linkage is accomplished either by insertion of 
the marker into the region of nonstructural protein gene deletion, as a fusion with 
remaining nsPl amino acids, or by insertion downstream of the strucmral protein genes, 
under the transiational control of an internal ribosomal entry site (IRES) sequence. 
Again, amplification of the primary structural protein gene mRNA transcript and 

15 induction of structural protein expression is controlled by the input vector RNA 
molecule and its synthesized nonstructural proteins. 

Specifically, for construction of the structural protein expression 
cassette, plasmid pBGSI31 (Spratt et al. Gene -//:337-342, 1986; ATCC #37443) was 
modified to remove extraneous sequences, and to render an existing Xho I site within 

0 the kanamycin resistance gene non-functional. Plasmid pBGSI3l was digested with 
Xho I and a synthetic double-stranded oligonucleotide linker with Xho I-compatible 
ends was ligated into the site. The synthetic 12-mer oligonucleotide, shown below, was 
designed as a partial palindrome that would anneal to itself generating Xho I sticky ends 
for ligation, and maintaining the kanamycin resistance gene open reading frame by 

5 inserting four in-frame amino acids. 

dUMmker (SEQ. id. no. 52) 

5'-TCGATCCTAGGA 

D Insertion of this oligonucleotide resulted in a Xho I site-deleted plasmid, designated 
pBGS131dlA7ro/. The plasmid was next digested with BspH I and religated to itself 
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under dilute conditions to remove 829 bp of extraneous sequence between the ColEl 
replicon and kanamycin resistance marker, generating the plasmid pBGS131dlB. The 
BspH I site next was changed to a Pac I site by digesting pBGSlSldlB with BspH I, 
making the tennini blunt with Klenow enzyme and dNTPs, and ligating with excess 
5 Pac I linker. 

£a£jJmk£r (SEQ. id. no. 53) 

S'-GCTCTTAAITAAGAGC 

10 This new construct, designated pBGS131dlB-P. was further modified by digesting with 
Fsp I and Pvu II to remove an additional 472 bp, including the multiple cloning site 
(MCS) and purifying the remaining vector from a 1% agarose gel using GENECLEAN 
II. A replacement MCS was inserted into the modified vector by annealing two 
complimentary oligonucleotides, PME.MCSI and PME.MCSII, and ligating with the 

15 linear plasmid. 

PME. M CS I (SEQ. ID. NO. 54) 

5^CTGTTTAAACAGATCTTATCTCGAGTATGCGGCCGCTATGAATTCGTTTAAACGA.3' 

20 PME.MCSII (SEQ. ID. NO. 55) 

5^TCGriTAAACGAATTCATAGCGGCCGCATACTCGAGATAAGATCTGTTTAAACAG.3' 

The new, approximately 2475 bp, cloning vector was designated 
pBGSVG, and contained the following multiple cloning site: <Pme I • Bgl II - Xho I - 

25 Not I - EcoR I - Pme />. Insertion of the structural protein expression cassette 
containing an operably linked selectable marker proceeded stepwise, as follows. A 
DNA fragment comprising the 3*-end of Sindbis virus, a synthetic A40 tract, the 
antigenomic HDV ribozymc, and a BGH transcription termination signal, was removed 
from plasmid pBG/SIN-1 ELVS 1.5 (Example 5) by digestion with Not I and EcoR /, 

30 and purification fix)m a 1% agarose gel using GENECLEAN II. Plasmid pBGSVG also 
was digested with Not I and EcoR /, purified from a 1% agarose gel using 
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GENECLEAIV 11, and ligated with the purified 3'-end/A40/HDV/BGH fragment, to 
generate the construct pBGSV3\ Next, an approximately 9250 bp Sindbis cDNA 
fragment, containing the smictural protein genes and much of the nonsnnctural protein- 
encoding region, was removed from plasmid pDLTRSINg (Dubensky et aL ibid) by 
5 digestion with Bgl II and Fsp I, and purified from a 0.7% agarose gel using 
GENECLEAN II. The Sindbis cDNA fragment was then ligated into plasmid 
pBGSV3', which was also digested with Bgl II and Fsp I. treated with alkaline 
phosphatase, and purified from a 0.7% agarose gel using GENECLEAN II, The new 
construct was designated pBGSV3'BF. Subsequently, this construct was digested with 
10 Bgl IL treated with alkaline phosphatase, and purified with GENECLEAN II for 
insenion of remaining 5'-end and nonstructural gene sequences, along with a CMV IE 
promoter. The remaining sequences were obtained by digestion of 
plasmidpDCMVSINg (Dubensky et al.. ibid) with Bgl II, purification of the fragment 
ftx)m a 1% agarose gel using GENECLEAN II, and ligation with the linear pBGSV3BF 
15 vector, to create the CMV-driven Sindbis genomic construct, pBGSVCMVgen. 
Functionality of this construct for initiation of the Sindbis virus replication cycle was 
deteraiined by Lipofectamine-mediated transfection of pBGSVCMVgen plasmid into 
BHK cells, and the observance of CPE within 24 hr post-transfection. 

Plasmid pBGSVCMVgen was subsequently used to construct a DH 
20 structural protein expression cassette by deleting most of the nonstructural protein gene 
sequences and insening a neomycin resistance gene as an in- frame ftision with 
remaining codons of the nsPl open reading frame. Briefly, the neomycin resistance 
gene was amplified by standard three-cycle PCR from the pcDNA3 vector (Invitrogen, 
San Diego, CA), using the following oligonucleotide primers that were designed to 
25 contain flanking BspE I and BamH I sites. 

Fonvard Primer: NEQ5TOSE rs'-re^it. fjup/j^^^ ^ff^^) (SEQ. ID, NO. 56) 
S'-ATATATCCGGA'GTCCGGCCGCTTGGGTGGAGAGGCTA 
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Reverse Primer: NH03'BAM (S'-resr. sitp/npp g^nf) (SEQ. ID. NO. 57) 
S'-ATATAGGATCOTCAGAAGAACTCGTCAAGAAGGCGA 

Following amplification, the DNA fragment was purified with QIAquick-spin, digested 
5 with BspE I and BamH I, purified using GENECLEAN II. and ligated into plasmid 
pBGSVCMVgen that had also been digested with BspE I and BamH I, treated with 
alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN IL 
The resulting construct was designated pBGSVCMVdlneo, and is shown schematically 
in Figure 14. The configuration of pBGSVCMVdlneo includes, as part of the structural 
1 0 protein expression cassette and controlled by the same CMV promoter, a fusion protein 
comprising the initiator methionine and amino-terminal 121 amino acids of nsPl and 
the neomycin resistance gene lacking its methionine initiator codon and next ten amino 
acids. 

Plasmid pBGSVCMVdlneo was transfected into BHK ceils using 

15 Lipofectamine, as described by the manufacturer. Approximately 24 hr post- 
transfection, the cells were trypsinized and re-plated in media containing 600 |ig/'ml of 
the drug G418 (neomycin). The media was exchanged periodically with fresh G418- 
containing media and foci of resistant cells were allowed to grow. Cells were 
trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and 

20 individual cell clones were grown and expanded for screening. Positive packaging 
activity for the individual clones was identified by n^sfecting with Sindbis luciferase 
vector RNA and assaying for the presence of packaged Sindbis-luciferase vector 
particles as described in the previous section. Several positive ceil clones harboring 
integrated copies of the pBGSVCMVdlneo structural protein gene expression cassette, 

25 and functioning as PCL, were identified. SNBS™- luciferase vector packaging data for 
individual clones (Fll, F13, F15) that arc representative of the group, as well as the 
previously described lOs-22 PCL line, are shown in Figure 18. 

In addition to demonstrating functional packaging activity with Sindbis- 
lucifeasc vectors, additional experiments performed using the same PCL also showed 

30 that vectors derived from other alphaviruses also could be packaged. For example, both 
Sindbis (Dubensky etal.. ibid.) and Semliki Forest (pSFV3-/acZ; GIBCO BRL. 
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Gaithersburg, MD) vector RNAs expressing p-galactosidase, were transfected into the 
F15 packaging cell line. Approximately 48 hr post-transfection, the culture 
supematants were harvested, clarified, diluted serially, and used to infect fresh BHK 
cell monolayers for determination of vector panicle titers. At 18 hr post-infection, the 
BHK ceils were fixed, stained with X-gal, and the blue-staining cells were counted, as 
described previously. The vector titers obtained for Sindbis p-gal were approximately 
5x10' rU/ml, while the titers for SFV p-gal were approximately 4x10* lU/ml. These 
data demonstrate that the two different alpha viruses and their corresponding vectors 
have similar packaging signals and that PCL derived for the Sindbis systems described 
herein are fully functional when used with another alphavirus. 

Packaging activity of the pBGSVCMVdlneo construct also was highly 
efficient in cells of human origin, for example, 293 cells. The use of such a human 
parental cell type for derivation of PCL may be particularly advantageous in the 
generation of complement resistant recombinant alphavirus panicles. Figure 17B 
shows that both RNA and DNA-based luciferase reporter vectors were efficiently 
packaged following transfection into 04 18 resistant, pBGSVCMVdlneo-n-ansfonned 
293 PCL, as demonstrated by supernatant transfer of luciferase expression into BHK 
cells. 

Another selectable drug-resistance marker also was shown to function in 
a similar PCL configuration, as a fusion protein with remaining nsPl amino acids at its 
N-teraiinus. Briefly, the hygromycin phosphotranferase gene (hygromycin resistance 
marker, hygro") was substituted into plasmid pBGSVCMVdlneo. in place of the existing 
neomycin resistance marker. The hygro' gene was amplified by standard three-cycle 
PCR from plasmid p3'SS (Stratagene, La Jolla, CA), using the following 
oligonucleotide primers that were designed to contain flanking EcoRV and BamHl sites. 

Forward nrimer: STOfGRQEV (5'-rest. <^\t^Jhy^^ g^j^ (SEQ. ID. NO. 1 12) 
5'-TATATGATATC/AAAAAGCCTGAACTCACCGCGACG 
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Reverse primer: 3'HYGRQBA r5'-rest. site/hv^ o ^ene) (SEQ. ID. NO. 1 13) 
5'-ATATAGGATCC/TCAGTTAGCCTCCCCCATCTCCCG 

Following amplificaiion, the DNA fragment was purified with QIAquick-spin, digested 
5 with EcoRV and BamHl, purified using GENECLEAN, and ligated into plasmid 
pBGSVCMVdlneo that had been digested with BspEl, blunt-ended with Klenow, 
digested further with BamHl, treated with alkaline phosphatase, and purified from a 
0.7% gel using Geneclean. The resulting construct was designated pBGSVCMVdlhyg. 

Plasmid pBGSVCMVdlhyg was transfected into BHK cells using 
10 Lipofectamine, as described by the manufacturer. Approximately 24 hr post- 
transfection, the cells were trypsinized and re-plated in media containing 1.2 mg/ml of 
the drug hygromycin (Boehringer Mannheim). The media was exchanged periodically 
with fresh hygromycin-containing media and foci of resistant cells were allowed to 
grow into a pool. Functionality of the selected packaging cells was demonstrated by 

15 transfecting with Sindbis luciferase vector RNA and assaying for the presence of 
packaged Sindbis-luciferase vector particles as described in the previous section. 
Positive results from these packaging experiments are shown in Figure 39. 

In an alternative packaging cell line structural protein expression 
cassette, the selectable marker (in this case neomycin resistance) was inserted 

20 downstream of the Sindbis structural protein genes and under the translational control of 
an internal ribosome entry site (IRES). Thus, transcription of the mRNA encoding 
neomycin resistance occurs both at the genomic level (from the RS V promoter) and also 
from the subgenomic junction region promoter. Additional features unique to this 
construct include the Rous sarcoma virus (RSV) LTR promoter for primary 

25 transcription and a tRNA"^'^ 5'-end sequence derived from Sindbis defective-interfering 
RNA clone DI25 (Monroe and Schlesinger, Proc. Natl. Acad Sci. USA 5(?:3279-3283, 
1983). This particular PCL expression cassette configuration was designated 
987DHBBNeo, and is shown schematically in Figure 14. Specifically, plasmid 
987DHBBNeo may be constructed stepwise using the modified plasmid vector 

30 pBGS131dlB-P (described above) as starting material. A cDNA fragment containing 
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the junction region promoter, the structural protein gene sequences, and 3'-uniransiated 
region + polyA is obtained by digestion of the full-length Sindbis cDNA clone pRSINg 
(Dubensky et a!., ibid) with BamH I and Xba I, and purification from a 0.7% agarose gel 
using GENECLEAN II. The Sindbis cDNA DNA fragment is ligated with plasmid 
5 vector pBGS131dlB-P that also has been digested with BamH I and Xba /, treated with 
alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN 11, to 
generate the construct pBGSINsp. 

Next, the transcription termination signal from the SV40 early region is 
insened between the Sac I and Eco RI sites of pBGSINsp, immediately downstream of 
10 the Sindbis sequence. The SV40 viral nucleotides 2643 to 2563, containing the early 
region transcription termination sequences, are isolated by PGR amplification using the 
primer pair shown below and the pBR322/SV40 plasmid (ATCC # 45019), as template. 

Fonvard Primer: F5;VTT2643 (5'-rest. site/ SV4Q nts 264^-2611^ (SEQ. ID. NO. 58) 
1 5 S'.TATATATGAGCTCTT ACAAATAAAGCAATAGCATCACAAATTTC 

Reverse primer: RSVTT2S63 (rest. site/SV4 0 nts 2563-25881 (SEQ. ID. NO. 59) 
5'-TATATGAATTCGTTTGGACAAACCACAACTAGAATG 

20 The primers are used in a standard three-cycle PGR reaction with a 30 

second extension period. The amplification products are purified with QIAquick-spin. 
digested with Sac I and Eco RI, purified again with the Memiaid kit, and the 90 bp 
fragment is ligated into plasmid pBGSINsp that also has been digested with Sac I and 
EcoRI, treated with alkaline phosphatase, and purified fi^m a 0.7% agarose gel using 

25 GENECLEAN II. This construction is known as pBGSINspSV. 

Next the RSV promoter and Sindbis 5'-end sequences, including the DI 
tRNA^** structure, arc assembled by overlapping PCR and the entire fragment is 
inserted into the structural protein gene vector pBGSINspSV. In PCR reaction #1, the 
RSV promoter fragment is amplified by standard three cycle PCR, with a 1 minute 

30 extension, from an RSV promoter-contaming template plasmid (e.g. pRc/RSV, 
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Invitrogen, San Diego, CA), using the following oligonucleotide primers that are 
designed to also contain a flanking Bgl //site in one primer and sequences overlapping 
the tRNA 5*-end in the other. The Sindbis tRNA 5'-end is positioned immediately 
adjacent to the RSV promoter transcription start site. 

5 

Forward primer: 5'RSVpro rS^rest. site/RSV seg (SEQ. ID. NO. 60) 
5'-TATATAGATCT/AGTCTTATGCAATACTCTTGTAGT 

Reverse primer: 3'RSVtR (S^Sin tRNA seq/l?.9V ^^g \ (SEQ. ID. NO. 61) 
10 5'-GGGATACTCACCACTATATCTCGACGGTATCGAGGTAGGGCACT 

In PGR reaction #2, the Sindbis 5 '-end plus tRNA sequence is amplified by standard 
three cycle PGR with a 1 minute extension, from template plasmid 
Totoll01(5'tRNA-^'P) (Bredenbeek et al., J. Virol 57:6439-6446, 1993), using the 
15 following oligonucleotide primers that are designed to also contain a flanking BamH I 
site in one primer and sequences overiapping the 3'RSVtR primer in the other. 

Forward Primer: 5*tRNASin (5'-Sindhis + tR NA seg. onlvl (SEQ. ID. NO. 62) 
S'-GATATAGTGGTGAGTATCCCCG 

20 

Reverse primer: 3*SinBam G^rest. site/?^ indbis seq.;> (SEQ. ID. NO. 63) 
5'-TATATGGATCC/AGTACGGTCCGGAGATCCTTAATCTTCTCATG 

Following amplification, the DNA fragments are purified with QIAquick-spin and used 
25 together as templates in a subsequent three-cycle PGR reaction with. 2 minute extension, 
using additional 5'RSVpro and 3'SinBam primers. The resulting overlapping PGR 
amplicon is purified using GENEGLEAN II, digested with Bgl II and BamH I, and 
ligated into plasmid pBGSINspS V that also has been digested with Bgl II and BamH I. 
treated with alkaline phosphatase, and purified fi^om a 0.7% agarose gel using 
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GENECLEAN II. The resulting structural protein expressing, defective helper is 
designated 987DHBB. 

Next, the IRES sequence from encephalomycodarditis virus (EMCV), is 
positioned immediately upstream of the neomycin phosphotransferase gene, as a 
5 selectable marker, by overlapping PGR, and the entire ampiicon is inserted into the A^5/ 
/ site of 987DHBB. Insertion at the Nsi I site will position the selectable marker 
immediately downstream of the strucmral protein ORF. In PGR reaction #1, the EMCV 
IRES fragment (nucleotides 260-827) is amplified by standard three cycle PGR, with a 
30 second extension, from template plasmid pBS-EGAT (Jang et al., J. Virol 63:1651, 
10 1989), using the following oligonucleotide primers that are designed to also contain a 
flanking Nsi I site in one primer and sequences overlapping the neo gene in the other. 

Fonvard Primer: 5'EMCVTRES f5'-rest. site/ HMCV seq,^ (SEQ. ID. NO. 64) 
5'-TATATATGCAT/CCCGCGGCCGCCCAAGG 

15 

Reverse primer: S^GVIRES fS'-pcDNA + neo seq/FVrrv \ (SEQ. ID. NO. 65) 
5'-GATGGGAAAGGATGGTGATC/GTTAGAATGGTGGTTTTGAAAGG 

In PGR reaction #2, the neo resistance marker is amplified by standard three cycle PGR 
20 with a 1.5 minute extension, from template plasmid pcDNA3 (Invitrogen, San Diego, 
GA), using the following oligonucleotide primers that are designed to also contain a 
flanking Nsi I site in one primer and sequences overlapping the 3'EMGVIRES primer in 
the other. 

25 Forward Primer: 5'Neo/pcDNA (5'-pcDNA + nen seg nnly^ (SEQ, ID. NO. 66) 
5'-GATGAGGATGGTTTGGGATGATTGA 

Reverse Primer 3'NeQ/pcDNA G'-rest. site/nen cpg,) (SEQ. ID. NO. 67) 
5'-TATATATGGAT/TCAGAAGAAGTGGTGAAGAAGGGGA 

30 
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Following amplification, the DNA fragmenis are purified with QIAquick-spin and used 
together as templates in a subsequent three-cycle PCR reaction with 2 minute extension, 
using additional 5'EMCVIRES and 3*Neo/pcDNA primers. The resulting overlapping 
PCR amplicon is purified using GENECLEAN II, digested with Nsi /, and ligated into 
5 plasmid 987DHBB that also has been digested with Nsi /, treated with alkaline 
phosphatase, and purified fi-om a 0.7% agarose gel using GENECLEAN II. The 
resulting structural protein expression construct, with the ERES/neo insert in the Sindbis 
3'-untranslated region, is designated 987DHBBNeo, 



10 10 ug of plasmid 987DHBBNeo, using a standard calcium phosphate precipitation 
protocol. Approximately 24 hr post-transfection, the media was replaced with fi-esh 
media containing 1 mg/ml of the drug G418. After one additional day, the cells were 
trypsinized and re-plated at 1/10 density in media containing 500 ug/'ml G418. After 
several more passages, the cells were subjected to dilution cloning and individual clones 

15 were expanded. The ability of individual clones to function as packaging cell lines was 
determined by calcium phosphate transfection of plasmid RSV/Sinrep/LacZ, a Sindbis 
DNA vector expressing p-gal, and assaying for the presence of packaged vector 
particles in the supemaiants after 48 hr. The packaged vector replicons were titered by 
the CPE assay described in Frolov and Schlesinger (1 ViroL (55:1721-1727, 1994) and 

20 one that gave high titers of packaged panicles, designated 987DH-BBNeo, was used for 
further characterization. Packaged vector titers were determined at 48 hr, following 
transfection of either RNA- or DNA-based Sindbis vectors expressing p-gal, using 
several different transfection techniques. The results were as follows: 



To generate stable packaging cell lines, BHK cells were transfected with 



iransfection procgdurg nucleic acid added 



liters (infgctiftHs tinits/ml) 



electroporation RSVSINrep/LacZ DNA (2.5 ug) 

electroporation SINrep/LacZ RNA (2.5 ug) 



1.5x lO'/ml 
6xl0Vml 



Lipofectamine RSVSINrcp/LacZ DNA (2 ug) 

Lipofectin SINrep/LacZ RNA (2 ug) 



no packaged particles 



5-6x lO'/ml 
1.5 x lO^'/ml 



Calcium Phosphate RSVSINrep/LacZ DNA ( 1 0 ug) 
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In addition, SINrep/LacZ paiticles that were packaged using 987DH-BB 
cell lines subsequently were used to infect fresh BHK cell monolayers and examine 
both RNA and protein expression patterns. Figure 19 shows the RNA pattern after 
5 BHK cells were infected with two different preparations of SENrep/LacZ panicles at a 
MOI of 150 infectious units per cell (lanes 1 and 2), or wild-type Sindbis virus (lane 3), 
as a control. Seven hours post-infection, dactinomycin (1 ug/ml) and [^HJuridine (20 
uCi/ml) were added, followed by harvest and analysis of RNA 4 hr later, according to 
Bredenbeek et al. {J. Virol. 67:6439-6446, 1993). The high MOI was used in order to 

10 detect possible recombinants. Horizontal lines to the right of the gel lanes indicate the 
Sindbis and P-gal RNAs of interest. The highest molecular weight band indicates the 
genomic RNA of the replicon or virus (lanes 1 and 2, SINrep/LacZ; lane 3 Sindbis 
virus). The next two RNAs indicated are the genomic RNA of the 987DH-BBNeo PCL 
expression cassette and the inducible subgenomic structural protein mRNA from the 

15 same 987DH-BBNeo PCL cassette. The presence of the latter two bands demonstrates 
that the helper genomic RNA derived from the packaging cell line is also co-packaged. 
The next RNA bands, those present in greatest abundance, are the subgenomic RNAs 
derived from either SINrep/LacZ (lanes 1 and 2) or the Sindbis vims genome (lane 3). 

Protein analysis was perfomied following infection of BHK 21 cells with 

20 packaged SINrep/LacZ replicons at a MOI of 20 infectious units/cell. Fifteen hours 
post-infection, the cells were labeled with [^^S] methionine for 30 minutes, lysates 
made, and the proteins analyzed by SDS-PAGE. As shown in Figure 20 (lanes 2 and 
3), both beta-galactosidase and the Sindbis virus capsid protein are labeled in the vector 
particle-infected cells, but not in uninfected cells (lane 1). The presence of capsid 

25 shows that some of the packaged particles also contain structural protein gene RNA 
transcripts from the PCL. 



C. Construction of "split structural pg^^" PH, ruiPfigllfPTminff 

In other embodiments of the present invention, PCL are provided 
30 wherein the alphavirus structural protems are expressed, not as a polyprotein from a 
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single mRNA, with its native post-translational processing, but rather, as separate 
proteins from independent mRNAs that are transcribed via multiple cassettes. This 
approach is depicted schematically in Figure 21 A. Such a configuration greatly 
minimizes the possibility of recombination or co-packaging events that lead to 
5 formation of replication-competent or infectious virus. In preferred embodiments, the 
capsid protein is expressed from one stably transformed cassette and the envelope 
glycoproteins are expressed together from a second stably transfonmed cassette, and 
each is expressed in a vector-inducible manner from the junction region promoter 
(described above). 

10 For example, the Sindbis virus capsid protein gene was amplified from 

plasmid pDLTRSINg (Dubensky et al. ibid), by standard three-cycle PCR with a 1.5 
minute extension, using the following oligonucleotide primers that were designed to 
contain a flanking XJio I site and capsid protein gene initiation codon or a flanking Not I 
site and translation stop codon. 

15 

Forward primer: STN5'CXho TS'-rest. sit e/capsid seg.l (SEQ. ID. NO. 68) 
5*-ATATACTCGAG/ACCACCACCATGAATAGAGGA1TC 

Reverse primer: SIN3'CNot ( 5 '-rest, site/stop codnn/ capsid seq.^i (SEQ. ID. NO. 69) 
20 S'-TATATGCGGCCGCn'ATTA/CCACTCTTCTGTCCCTTCCGGGGT 

Following amplification, the capsid DNA fragment was purified with QIAquick-spin, 
digested with XIio I and Not U purified using GENECLEAN II, and ligated into the 
DNA-based Sindbis expression vector pDCMVSIN-luc (Dubensky et aL. ibid), that also 

25 had been digested with Xho I and Not I to remove its luciferase reporter gene insert, 
treated with alkaline phosphatase, and purified from a 0.7% agarose gel using 
GENECLEAN II. The resulting c^sid protein expression construct was designated 
pDCMVSIN-C. Plasmid pDCMVSIN-C was subsequently digested with BspE I to 
remove most nonstructural protein gene sequences, and re-ligated to itself under dilute 

30 conditions to create the DH vector construct, pDCMVSINdl-C. 
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Alternatively, the vector backbone may be first modified to contain the 
RSV promoter and/or 5 '-end tRNA sequences described previously for 987DHBB. 
Specifically, this was accomplished by step-wise replacements using plasmid pBGSV3' 
(see above) as staning material. The junction region promoter plus XIio I and Not I 
cloning sites were obtained as a luciferase reporter-containing fragment from 
pDCMVSIN-Iuc (see above). Plasmid pDCMVSIN-luc was digested with Bam HI and 
Fsp I, and the luciferase reporter-containing fragment was purified from a 0.7% agarose 
gel using GENECLEAN II. The fragment was ligated into plasmid pBGSV3* that also 
had been digested with Bam HI and F^y I, and treated with alkaiiue phosphatase to 
produce a plasmid designated pBGSV3'BaFLuc. The RSV promoter/5 *-end tRNA 
sequence was then obtained from 987DHBB by digestion with Bgl II and Bam HI and 
purification from a 1% agarose gel using GENECLEAN II. This fragment was ligated 
into pBGSVS'BaFLuc that was similarly digested with Bgl U and Bam HI, to produce 
the construct pBRSV987dl-Luc, which may be used as starting material for either 
capsid or envelope glycoprotein expression constructs. 

To generate a capsid gene expression construct with the RSV promoter 
and tRNA 5 '-end sequence, the existing luciferase reporter gene insen was removed by 
digestion with Xho I and Not I, and replaced with a PCR-amplified capsid protein gene 
(see above), that also was digested with Xlto I and Not I. The resulting construct was 
designated pBRSV987dl-C. Insertion of a neomycin phosphotransferase selectable 
marker into the region of nonstructural protein gene deletion was accomplished by 
digestion with BspE I and Bam HI, and replacement with a PCR-amplified neo' gene 
(see above) that also was digested with BspE I and Bam HI, and purified from a 1% 
agarose gel. The resulting construct was designated pBRSV987dhieo-C and is shown 
schematically in Figure 2 IB. 

Plasmids pDCMVSINdl-C and pBRSV987dbeo-C, which contain 
neomycin resistance selectable markers, were transfected into BHK-2I cells using 
Lipofectamine, as described by the manufacturer. Approximately 24 hr post- 
transfection, the cells were trypsinized and re-plated in media containing 600 ug/ml of 
the drug G418 (neomycin). The media was exchanged periodically with fi^h G418- 
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containing media and foci of resistant cells were allowed to grow. Cells were 
trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and 
individual cell clones were grown and expanded for screening. Cells which inducibly 
expressed capsid protein in response to input vector were identified by transfecting with 
5 Sindbis luciferase vector RNA or Sindbis P-galactosidase DNA vectors, making cell 
lysates approximately 24 or 48 hr post-transfection, and performing western blot 
analysis with a rabbit anti-Sindbis polyclonal antibody. Several positive cell clones 
harboring integrated copies of the capsid protein gene expression cassette and inducibly 
expressing the protein were identified and are shown in Figure 2 ID. 

10 In order to demonstrate both inducibility and functionality of the 

expressed capsid in the context of "split structural gene" cassettes, an additional 
construct that expressed the Sindbis virus envelope glycoproteins was generated from 
pDCMVSIN-luc. Briefly, the Sindbis envelope glycoprotein genes were amplified from 
piasmid pDLTRSINg by standard three-cycle PCR, with a 2.5 minute extension, and 

15 using the following oligonucleotide primers that are designed to contain a flanking Xho 
I site and translation initiation codon in good Kozak context, or a flanking Not I site and 
the translation stop codon. 

Forward primer: 5'GLYCQ-X TS'-rest. site/ initiation codon/glvcoprotein seq.^ 
20 (SEQ. ID. NO. 70) 

5'-ATATACTCGAG/AGCAATG/TCCGCAGCACCACTGGTCACGGCA 

Reverse Primer: 3'GLYCQ-N (5^-rest. site/glvconrotein seg.) (SEQ. ID. NO, 71) 
5'-ATATAGGCGGCCGCyTCATCTTCGTGTGCTAGTCAGCATC 

25 

Following amplification, the glycoprotein gene DNA fragment was purified with 
QIAquick-spin, digested with Xho I and Not I, purified using GENECLEAN II, and 
ligated into the DNA-based Sindbis expression vector pDCMVSIN-luc, that also had 
been digested with A^o I and Not I to remove its luciferase reporter gene insert, treated 
30 with alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN 
11. The resulting glycoprotein expression construct was designated pDCMVSINl .5PE. 



SUBSTITUTE SHEET (RULE 25) 



wo 99/18226 



PCT/US98/21062 



167 



Figure 21C is a western blot demonstrating vector controlled inducibiiity 
of two different clonal capsid lines (9-3 and 9-9) cell lines, that were transfected with 
Sindbis DNA vectors expressing the envelope glycoproteins (1.5PE lanes) or a (3- 
galactosidase reponer, pDCMVSIN-p-gal (Dubensky et ai., ibid ; l,5p-gal lanes), or 
5 "mock" transfected (M lanes), using Lipofectaminc. Cell lysates were made at 48 hr 
post-transfection, separated by SDS-PAGE. and transferred to membranes, where they 
were probed with a combination of antibodies specific for Sindbis structural proteins 
and p-galaciosidase. The blot clearly shows the inducibiiity of capsid protein in 
response to the nonstructural proteins supplied by either vector, as well as the 
10 expression of p-galactosidase and the envelope glycoproteins. Functionality of the 
"split structural gene" capsid cell lines, by complementation and vector particle 
packaging, was demonstrated by co-transfecting the p-galactosidase and envelope 
glycoprotein vectors into a capsid cell line using Lipofectaminc, and assaying for 
packaged particles in the culture supematants. Approximately 48 hr post-transfection, 
15 the supematants were harvested and clarified for the packaging assays and vector titer 
determination. In addition, the cells were lysed using Lameli sample buffer and 
examined by western blot analysis with polyclonal anti-Sindbis antibody, demonstrating 
expression of both capsid protein and the vector supplied envelope glycoproteins. The 
supematants were then tested for the presence of packaged vector particles by infecting 
20 naive BHK cells for approximately 18 hr, and staining for p-gal reporter gene 
expression, as described previously in this example. Functionality of the cell lines for 
complementation and packaging was demonstrated by the observance of blue-stained 
P-gal expressing ceils. 

To generate stable "split structural gene" PCL that have separate vector 
25 inducible expression cassettes for both capsid protein and the envelope glycoproteins, 
any of the above described capsid cell lines may be used, in conjunction with an 
additional envelope glycoprotein expression construct that contains a different 
selectable maricer (for example, hygromycin B resistance). In one example, 
pBRSV987dl-Luc was used as starting material to generate a glycoprotein gene 
30 expression construct with the RSV promoter and tRNA 5'-end sequence. The existing 
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luciferase reporter gene insert of pBRSV987dl-Luc was removed by digestion with Xho 
I and Not I. and replaced with a PCR-amplified glycoprotein gene (pE2/El) product 
(see above), that also was digested with XJio I and Not I, and purified from a 0.7% 
agarose gel. The resulting construct was designated pBRSV987dI-GIyco. Insertion of a 
5 hygromycin phosphotransferase selectable marker into the region of nonstructural 
protein gene deletion was accomplished by digestion of plasmid pBRS V987dl-Glyco 
with BspE I, blunt-ending with Klenow, and further digesting with Bam HI. The 
hygromycin' insen was obtained as a PCR-amplified product (see above) that was 
digested with EcoR V and BamH L and ligated into the prepared pBRSV987dl-Glyco 
10 vector. This consunct was modified further to include an RNA export element. The 
PRE sequence was inserted by first isolating a PCR-generated 564 bp firagment of HBV 
from the fiill-length genomic clone of the ADW viral strain, pAM6 (ATCC No. 39630), 
as described in Example 5. Following amplification and purification, the purified HBV 
PRE fragment was cloned into the pCR-Blunt (INVITROGEN, San Diego, CA) 

15 plasmid vector, to yield the construct pHBV-PRE. The HBV PRE element then was 
isolated from pHBV-PRE by digestion with Not I and 2% agarose gel electrophoresis, 
and ligated into the hyromycin reistance marker-containing construct derived from 
pBRSV987dl-Glyco. that was also digested with Not I and treated with CIAP, to yield 
the final construct, pBRSV987dlhyg-Glyco. 

20 In certain embodiments, it may be desirable to also include a uranslation 

enhancement element that may derived fix)m capsid gene sequences of homologous or 
heterologous alphaviruses. For inclusion of a Ross River virus translation enhancer, an 
appropriate sequence may be obtained from the DH-BB CA3rrv construct described in 
example 8. Specifically, DH-BB CA3rrv was digested with Bam HI and Bsi WI, and 

25 a fragment containing the junction region promoter, Ross River virus translation 
enhancer, and the amino terminal sequences of the pE2 gene, was isolated using a 1.2% 
agarose gel and GENECLEAN IL This Augment was ligated into plasmid 
pBRSV987dlhyg-Glyco that was similarly digested with Bam HI and Bsi WI, to 
produce the expression cassette designated pBRSV987dlhyg-rrv-Glyco, and shown 

30 schematically in Figure 21B. 
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Alternatively, plasmid pBG/SIN-1 ELVS 1.5-(3-gal (Example 5) may be 
used as starting material, by digestion with BamH I and Fsp I to isolate the sequences 
comprising the junction region promoter, the P-gal reporter gene, and some 3 '-end 
sequences. The desired fragment is purified from a 1% agarose gel using 
5 GENECLEAN II, and ligated into plasmid pBGSVCMVdhieo (see above) that also has 
been digested with Bam HI and Fsp I to eliminate all structural protein gene sequences, 
treated with alkaline phosphatase, and purified from a 0.7% agarose gel using 
GENECLEAN II. The resulting construct is designated as pBGSVCMVdlsP-luc. 
Plasmid pBGSVCMVdlsP-Iuc is next digested with Xho I and Not I to remove the 

10 luciferase reporter gene, treated with alkaline phosphatase, and purified from a 0.7% 
agarose gel using GENECLEAN \L and the Xho I- and Not I-digested envelope 
glycoprotein PCR amplicon from above is subsequently ligated into the digested 
pBGSVCMVdlsP-luc vector to generate the envelope glycoprotein expressing DH 
construct, pBGSVCMVdl-G. Insertion of a hygromycin resistance marker cassette into 

15 this plasmid, as well as flanking HSV TK promoter and polyadenylation sequences, is 
accomplished by PCR amplification, using a standard three-cycle protocol with 2.5 
minute extension, plasmid pDR2 (Clontech. Palo Alto, CA) as template, and the 
following oligonucleotide primers that are designed to contain flanking Pac I sites. 

20 Forward primer: S'HYGRQ/Pro-P (5'-rest. site/pDR2 seq.^ (SEQ. ID, NO. 72) 
5'.ACACATTAATTAA/CGATGCCGCCGGAAGCGAGAA 

Reverse primer 3'HYGRO/pA-P r5'.re<;t . site/p DR2 seg \ (SEQ. ID. NO. 73) 
5'-ACACATTAATTAA/GTATTGGCCCCAATGGGGTCT 

25 

Following amplification, the DNA fragment is purified with QIAquick-spin, digested 
with Pac I, purified using GENECLEAN II, and ligated into plasmid pBGS VCMVdl-G 
that also has been digested with Pac I, treated with alkaline phosphatase, and purified 
using GENECLEAN II. The resulting construct is designated as pBGS Vhygro-G. 
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Plasmid pBRSV987dlhyg-rrv-Glyco. which contains a hygromycin 
selectable marker, was transfected into a clonal capsid cell line using Lipofectamine, as 
described by the manufacturer. Approximately 24 hr post-transfection, the cells were 
trypsinized and re-plated in media containing 500 ug/ml of hygromycin (Calbiochem, 
La JoIIa, CA). The media was exchanged periodically with fresh hygromycin- 
containing media and foci of resistant cells were allowed to grow. Cells were 
trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and 
individual cell clones were grown and expanded for screening. Split structural gene 
PCL derived in this manner were designated C/GLYCO PCL. Positive cells which 
inducibly express biologically active capsid protein and envelope glycoproteins in 
response to input vector were identified in two ways. Initially, transfer of expression 
experiments were performed to demonstrate that transfected vector molecules could 
induce structural protein expression, resulting in packaging and secretion of vector 
particles that could in turn be used to infect naive cells. Sindbis virus plasmid DNA 
vectors expressing p-galactosidase were transfected into panels of potential C/GLYCO 
PCL clones derived from two independently selected pools (Figure 26B, pools C and 
E). At 48 hr post-transfection, supematants were harvested and used to infect naive 
BHK-21 cells for an additional 18 hr. Infected cell lysates were harvested and 
enzymatic p-galactosidase activity determined. As shown in the figure, several clones 
were able to package vector, resulting in the high level transfer of vector to naive cells. 
In a second experiment, transfected PCL were lysed and subjected to western blot 
analysis as described previously. As shown in Figure 26C. induction of both capsid and 
envelope glycoprotein occurs after introduction of vector into the PCL. 

D. Construction of PCL with "hvhrid" <;tnir niral p roteins 

An additional approach which may be utilized to decrease the level of 
co-packaging or recombination between DH and vector RNA molecules, to enhance 
translation of the glycoprotein genes, or to alter the cell or tissue specificity of the 
packaged recombinant alphavirus vector particles, makes use of structural protein genes 
derived from other alphaviruses or togaviruses. More specifically, numerous 
combinations of alphavirus or togavirus structural protein genes for use with Sindbis 
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virus or difiFereni alphavirus veaois can be envisioned. For example, the capsid protein 
gene of Ross River virus (RRV), may be used in conjunction with Die envelope 
glycoprotein genes of Sindbis virus (expressed from the same or a different construct), 
to package a Sindbis virus-derived vector described in examples 3. 4, or 5. In addition, 
a deleted form of the RRV capsid protein gene may be positioned immediately 
upstream of the Sindbis glycoprotein gene sequences to serve as a translational 
enhancer elements. As another example, the stmcmral proteins of Sindbis virus may be 
used to package Semliki Forest virus RNA vectors. 

Specifically, defective helper (DH) structural protein constructs that 
contain an intact or deleted form of 
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3. RRVNci2: ( m.76\(i.76m (SEQ. ID. NO. 76) 
5'-ccacggatCCCGGCGTTCCGTCC 

5 4. RRV Apal: fnt.808«-S102^ (SEQ. ID. NO. 77) 
5'-ccacaagcttGTGCACTGGGATCTG 

5. RRVApa2: rnt.8097.S1in (SEQ. ID. NO. 78) 

S'^ccacggatccGTGCACATGAAGTCC 

10 

6. RRVRsn: fnt 8-?19-8^fin (SEQ. ID. NO. 79) 

5'<cacaagCTTCcGGaGTTACCCGAGTGACC 

7. RRVAfllr fnt 787n.7R^fi^ (SEQ. ID. NO. 80) 
15 S'^ccaccttaaGCGTCGGCTTTTTCTTC 

8. RRV Afl2: (nt.7892.7907^ (SEQ. ID. NO. 8 1 ) 

5'-ccaccttaaGAGAAGAGAAAGAATG 

20 9. SINAva: rnt.7S9 1-7594^ (SEQ. ID. NO. 82) 
5'<cacaagcttGGACCACCGTAGAG 

10. SIN Ram: (nt.7^2S-7^4^> (SEQ. ID. NO. 83) 

5'-CCGCGTGGCGGATCCCCTG 

25 

1 1 . STNBsp: rnt.8418-R4:^-<^ (SEQ. ID. NO. 84) 

S'^ccacggatCCGGAAGGGACAGAAG 

12. SINBsu: fnt.8887-8902^ (SEQ. ID. NO. 85) 
30 5'-CACGGTCCTGAGGTGC 
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PCR reactions were performed using the primer pairs indicated below, in a standard 
three cycle protocol, with 30 sec extensions and Vent polymerase, to produce ihe 
corresponding DNA fragments, which are also indicated below. 

5 

PCR fragments:primer pairs, plasmid template 
Fragment 1: prl+pr2, RRV6415 plasmid 
Fragment 2: pr3+pr4, RRV6415 plasmid 
Fragment 3: pr5-^pr6, RRV6415 plasmid 
10 Fragment 4: pr3+pr7, RRV6415 plasmid 
Fragment 5: pr4+pr8, RRV6415 plasmid 
Fragment 6: pi9+prlO. Totol 101 plasmid 
Fragment 7: prl l+prl2, Totol 101 plasmid 

15 Following amplification, the PCR products were digested with the indicated enzymes, 
and ligated into the pUC18 plasmid analog, pRS2, which contains additional polylinker 
sites and which had also been digested with the same enzyme combinations: fragment 1 
was cut with EcoR I^Hind fragment 2 with BamH VrHind Ilh fragment 3 with 
BamH l+Hind III: fragment 4 with BamH 1+4/7 //; fragment 5 with Hind III+Afl 11: 

20 fragment 6 with BamH l+Hind III; and fragment 7 with BamH l+Bsu 36L All 
insertions were sequenced to verify that artifacts had not been acquired during PCR. 

Subsequently, the fragments were released from the pRS2 plasmids 
using the enzymes indicated below, and ligated exactly as indicated to generate the next 
set of constructs. To generate FR8, fragment 6 (cut by Bam HI and Ava 11) was ligated 

25 with fragment I (cut by Ava II and Nci 7), fragment 2 (cut by Nci I and Hind III) and 
plasmid pRS2 (cut by Bam HI and Hind III). To generate FR9, fragment 6 (cut by 
BamH I and Ava 11) was ligated with fragment 1 (cut by Ava II and Nci I), fragment 4 
(cut by Nci I and Afl II) and plasmid pRS2 (cut by BamH I and Afl II). To generate 
FRIO, fragment 5 (cut by Afl II and ApaL I) was hgated with fragment 3 (cut by ApaL I 

30 and Hind III) and plasmid pRS2 (cut by Afl II and Hind III). After transformation of 
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£. colU plasmids were analyzed by restriction analysis and their inserts were again 
isolated by digestion and used for the next steps of cloning. 

The FR8 insen (cut by BamH I and ApaL I) was ligated with fragment 3 
(cut by ApaL I and BspM 11), fragment 7 (cut by BspM II and Bsu36 1) and plasmid DH- 
5 BB (cut by BamH I and Bsu36 I). The same fragments also were used to replace the 
BamH \-Bsu36 I fragment of plasmid DH-BB(5'SIN). The resulting plasmids were 
designated DH-BB Crrv and DH-BB(5'SIN) Crrv, respectively (see Figure 23). The 
FR9 insert (cut by BamH I and Afl II) was ligated with the FRIO insert (cut by AJl Hand 
BspM II), fragment 7 (cut by BspM II and Bsu36 1) and plasmid DH-BB (cut by BamH I 
10 and Bsu36 I). The same fragments also were used to replace the BamH 1-Bsu36 I 
fragment of plasmid DH-BB(5'SIN). The resulting plasmids were designated DH-BB 
CArrv and DH-BB(5'SrN) CAnv (see Figure 23). 

Multiple uses for DH constructs that contain chimeric structural protein 
genes are possible, and two such approaches are illustrated in Figures 24 and 25. In 
15 Figure 24, the intact Ross River capsid protein gene is linked with the Sindbis 
glycoprotein gene sequences (DH-BB Crrv or DH-BB(5'SIN) Crrv), as pan of a 
defective helper construct, and co-nansfected with a Sindbis reporter RNA vector 
replicon to demonstrate packaging into recombinant alphavirus panicles (Figure 26). In 
Figure 25. the deleted form of the Ross River capsid protein gene is linked with the 
20 Sindbis glycoprotein gene sequences (DH-BB CArrv and DH-BB(5'SIN) CArrv), as a 
translational enhancer and part of the DH consuixct. while the Sindbis capsid protein 
gene expressed from a second DH construct. Both DH constructs are co-trans fected 
with a Sindbis reporter RNA vector replicon to demonstrate packaging into recombinant 
alphavirus particles (Figure 26). Additionally, the Ross River capsid protein gene may 
25 be expressed alone from one DH construct, while the Sindbis glycoproteins are 
expressed from another, for use in packaging. Using this knowledge and the 
availability of several other alphavimses from which to derive stmctural protein gene 
sequences, a large number of different protein combinations may be generated in similar 
approaches. 
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Alternatively, the entire complement of structural protein genes from one 
alphavirus, or other members of the Togaviridae (e.g., rubella vims) may be used to 
package an RNA vector derived from another, as shown above for SFV vectors and 
Sindbis structural proteins. In an alternative embodiment, the structural protein genes 
5 from Venezuelan equine encephalitis (VEE) virus may be used to package a Sindbis- 
virus derived vector (wild-type or displaying the phenotype described in Example 4 or 
5). Such a method provides recombinant alphavirus particles containing vector RNAs 
which exhibit the desirable properties of the present invention, such as delayed, reduced 
or no inhibition of host macromolecular synthesis, plus, structural proteins which 
10 redirect the tropism of the recombinant particle. Venezuelan equine encephalitis vims 
(VEE) is an alphavims which exhibits tropism for cells of lymphoid origin, unlike its 
Sindbis vims counterpan. Therefore, Sindbis-derived vector constmcts packaged by a 
cell line expressing the VEE stmctural proteins will display the same lymphotropic 
properties as the parental VEE vims from which the packaging cell stmctural protein 
15 gene casseUe was obtained. 

Specifically, the Trinidad donkey strain of VEE vims (ATCC #VR-69) is 
propagated in BHK-2 1 cells, and virion RNA is extracted using procedures similar to 
those described in Example I. The entire stmctural protein coding region is amplified 
by PCR with a primer pair whose 5'-ends map, respectively, to the authentic AUG 
translational start site, including the surrounding Kozak consensus sequence, and the 
UGA translational stop site. The forward primer is complementary to VEE nucleotides 
7553-7579. and the reverse primer is complementary to VEE nucleotides 1 1206-1 1 186 
(sequence from Kinney et al.. Virology 770:19-30, 1989). PCR amplification of VEE 
cDNA corresponding to the stmctural protein genes is accomplished using a two-step 
reverse transcriptase-PCR protocol as described above, the VEE genome RNA as 
template, and the following oligonucleotide pair, which contain flanking Xho I and Not 
I sites: 

Forward Primer: VEE 7553F fS'-rest. siteA ^E cap sid seg.^ (SEQ. ID. NO. 86) 
5'-TATATATATCTCGAGACCGCCAAGATGTTCCCGTTCCAGCCA-3' 
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Reverse Primer: VFE 1 12Q6R r5*-rest. siteA^T- F| ply^^ f^ffg,) (SEQ. ID. NO. 87) 
5'-TATATATATGCGGCCGCTCAATTATGTTTCTGGTTGGT-3' 

5 Following PGR amplification, the approximately 3800 bp fragment is purified from a 
0.7% agarose gel using GENECLEAN II, and digested with XJw I and Not I. The 
resulting fragment is then ligated into the DNA-based Sindbis expression vector 
pDCMVSIN-luc (see above), that also has been digested with Xlio I and Not I to remove 
its luciferase reporter gene insert, treated with alkaline phosphatase, and purified from a 
10 0.7% agarose gel using GENECLEAN IL The resulting VEE structural protein 
expression construct is designated pDCMV-VEEsp. Plasmid pDCMV-VEEsp 
subsequently is digested, under limiting partial digest conditions, with BspE I to remove 
most nonstructural protein gene sequences, and re-ligated to create the structural 
protein-expressing DH vector construct, pDCMV-VEEdL 
15 Plasmid pDCMV-VEEdl, which also contains a neomycin resistance 

marker, is transfected into BHK cells using Lipofectamine, as described by the 
manufacturer. Approximately 24 hr post-transfection, the cells are trypsinized and re- 
plated in media containing 600^g/ml of the drug G418. The media is exchanged 
periodically with fresh G418-containing media and foci of resistant cells are allowed to 
20 grow. Cells are trypsinized and cloned by limiting dilution in 96 well tissue culture 
dishes, and individual cell clones are grown and expanded for screening. Cells which 
inducibly express VEE structural proteins in response to input vector are identified by 
transfecting with Sindbis luciferase vector RNA, and assaying for VEE structural 
protein expression in cell lysates or packaged luciferase vector in the supematants, as 
25 described previously. Structural protein genes obtained from variants of VEE, or other 
alphaviruses and their variants differing in tissue tropism, also are usefiil when 
following this approach. In addition, each of the various structural protein gene 
expression cassette configurations described in this example, including split structural 
gene PCL, may be used. 

30 
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E. Production of packaged alphavirus vec tors from PCJ. 

Alphavirus derived PCL described throughout this example may be used 
in a number of different ways to produce recombinant alphavirus particle stocks, and 
include the inuroduction of vector by either transfection of RNA or DNA molecules, 
5 infection with previously produced packaged vector-containing particles, or the 
intracellular production of vector from stably transformed expression cassettes. The 
utility of alphavirus PCL for the production of vector particles is demonstrated first with 
a reporter vector construct, and later may be applied to any other vector constructs 
which express a desired heterologous sequence. For example, a stock of packaged 
10 Sindbis-P-gal vector particles is obtained by electroporation of approximately 10' 
alphavirus C/GLYCO or other PCL cells (see above, and for example, figures 15, 17, 
18) with 5-10 ug pKSSIN-l-BV-p-gal or -luciferase RNA (Example 4) or pBG/SIN-1 
ELVS l.5-P-gal or -luciferase DNA (Example 5), using the procedure described in 
(Liljestrom and Garoff, Bio/Technology P: 1356- 1361, 1991). The transfected PCL are 
15 incubated at a desired temperature (e.g., 37°C), and at approximately 48 hr. post- 
transfection, the supematants are harvested and clarified by passage through a 0.45 
micron filter. Additional formulation may be performed using parameters illustrated in 
the detailed description of this invention. 

Alternatively, a stock of packaged recombinant alphavirus particles 
0 (obtained using PCL as above, or by co-transfection of vector and DH constructs) is 
used to infect a naive culture of PCL, for fiirther amplification. For example, 5x10^ of 
alphavirus C/GLYCO or other PCL cells arc infected with a stock of packaged 
pKSSIN-l-BV-p-gal vector at an approximate multiplicity of infection (MOI) of 1 
infectious unit/cell. Upon reaching the ceil cytoplasm, the particle delivered RNA 
5 vector is autocatalytically amplified and packaged into additional progeny particles. 
After incubation at the desired temperature (e.g., 37*'C) for approximately 48 hr., the 
culture supematants are harvested, clarified by passage through a 0.45 micron filter, and 
fomiulated as desired. 

In still another method which exploits the ability of PCL to fiirther 
3 amplify packaged recombinant alphavirus vector particles, stocks of packaged particles 
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are used to infect naive cultures of PCL to create a working cell bank of vector- 
containing PCL (vector producing cells. Figure 27), which may subsequently be used to 
seed another naive culture of PCL. For example, such a working cell bank is obtained 
by infection of alphavinis C/GLYCO or other PCL cells with the packaged vector stock 
5 at a M.O.L= 5. Approximately 2-3 hr post-infection, the vector containing PCL are 
gently detached and cell number is determined. The vector containing PCL may now 
be used directly, or aliquoted and stored in liquid N2 as a vector producing cell bank. 
When desired, the cells are seeded directly into a previously growing culture of naive 
alphavinis C/GLYCO or other PCL at a ratio of approximately 1 vector producing cell 
10 per 1000 fresh PCL, for production of large quantities of high titer packaged vector 
panicles. Aliquots of culture supernatant are harvested at various times post-coculture 
to determine the time of maximal recombinant alphavinis particle production, and that 
time is chosen for further harvest, purification and formulation, as described above. 
The same sequential amplification methodology using vector producing cells also is 

15 useful for large-scale production of any desired recombinant protein (Figure 27). For 
the production of recombinant protein, supematants or cell lysates may be harvested, 
depending on the nature of the recombinant protein. 

In yet another method for producing high titer or large scale stocks of 
packaged recombinant alphavinis panicles, the desired expression vector is introduced 

20 into 1-5% of a naive alphavinis PCL culture by transfection of m viiro transcribed RNA 
or plasmid DNA vector using a commonly accepted reagent or method (for example, 
Lipofectin or Lipofectamine, respectively, or infection with vector panicles at low MOI 
[< 0.1]), as described herein. The recombinant vector particles produced by the initial 
cells, into which vector was introduced, subsequently infect other naive packaging cells 

25 in the culture, which in turn, produce even more packaged panicles. This process of 
temporal amplification continues until packaged recombinant alphavinis particles are 
produced in all cells of the PCL culture. 

The amplification process is demonstrated in Figures 26D and 28. 
ELVS 1.5-P-gal plasmid DNA was transfected into 987DHBBNeo packaging cells or 

30 into BHK-21 cells, and the levels of p-galactosidase present in cell lysates was 
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measured, as described previously, at the indicated times post-transfection. In BHK-21 
cells, the level of ^-galactosidase expression reached a maximum by approximately 48 
hpt, and plateaued. In contrast, the level of P-galactosidase expression continued to 
increase over a longer period of time in the ELVS 1.5-P-gaI transfected 987DHBBNeo 
5 PCL culture,' reflecting the recombinant vector particle amplification process, and the 
ultimate expression of p-galactosidase in all of the cells of the culture. Further, 
infection of split structural gene PCL with Sindbis vector particles {Figiu^ 26D) also 
resulted in particle amplification. In ail cases, stocks of recombinant alphavirus vector 
particles may be formulated so as to be pharmaceutically acceptable, using any of the 
10 methods described herein. 

EXAMPLE? 

Construction of Alphavirus Producer Cell Lines 

15 The generation of alphavirus PCL, as described above, coupled with the 

construction of DNA-based alphavirus vectors exhibiting reduced, delayed, or no 
inhibition of host cell macromolecular synthesis (Examples I, 2, 4 and 5), provides a 
relatively straightforward mechanism to derive alphavirus vector producer cell lines. In 
certain embodiments of the present invention, the vector producer cell lines contain one 

20 or more stably transformed structural protein gene expression cassettes, and also 
alphavirus RNA expression vector molecules with the above phenotype, that are 
transfected, transduced, or iniracellularly produced, leading to the production of 
packaged vector particles. In preferred embodiments, an RNA vector replicon is 
produced intracellularly from a stably transformed DNA molecule (eukaryotic layered 

25 vector initiation system) that exists in either an integrated form or as an episomal DNA, 
with transcription of vector RNAs being controlled inducibly by one or more stimuli 
provided at a desired lime. This type of alphavirus producer cell line configuration 
essentially provides a cascade of events that include; inducible production of vector 
RNA and resulting autocatalytic cytoplasmic amplification of the RNA, the induction of 

30 high level structural protein expression by vector-supplied nonstructural proteins, the 
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packaging of vector RNA by the expressed structural proteins, and the release of 
packaged vector particles. Tightly regulated, inducible expression of vector RNA from 
the DNA molecule, once producer cell population reaches as desired number, is 
preferred, due to the potential for low level cytotoxicity of vector replication, or the 
5 necessity to control nonstructural protein synthesis, as it relates to the regulation of 
positive strand versus negative strand vector RNA ratios. 

A. AlDhavirus DNA Vectors with 5^inplp T Pvel Regulatinn 

In certain embodiments of the present invention, a DNA-based 
10 aiphavirus vector is provided, wherein in vivo transcription of an alphavirus vector 
RNA molecule that is capable of auiocatalytic amplification occurs from a promoter 
which is regulatable by applying a stimulus at a desired time. Such a DNA-based 
alphavirus vector subsequently may be stably transformed into an aiphavirus packaging 
cell line (PCL) to create an inducible aiphavirus producer cell line. The producer cell 

1 5 line configuration described herein, is therefore, a "feed- forward" system in which: 1 ) a 
stimulus is applied to the cell, resulting in efficient transcription of alphavirus vector 
RNA; 2) the vector RNA replicates autocatalytically and produces nonstructural 
proteins; 3) the nonstructural proteins stimulate amplification of the structural protein 
expression cassette mRNAs and high level structural protein expression; and 4) the 

20 structural proteins interact with the vector RNA and result in the subsequent packaging 
of recombinant alphavirus particles which are released into the culture media. Any 
previously described alphavirus PCL, which is stably transformed with one or more 
inducible alphavirus structural protein expression cassettes, may serve as the parental 
line with which to derive the producer cell line. 

25 For example, a tetracyc line-responsive promoter system (Gossen and 

Bujard, Proc, Natl Acad. ScL 5P:5547-5551. 1992) may be utilized for inducible 
ascription of an aiphavirus vector RNA, as depicted in Figure 29. In this system, the 
expression of a tetracycline repressor and HSV-VP16 transactivator domain, as a 
"fusion" protein (rTA), stimulates in vivo transcription of the alphavirus vector RNA by 

30 binding specifically to a tetracycline operator sequence (tetO) located immediately 
adjacent to a minimal "core" promoter (for example, CMV). The binding and 
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transactivaiion event is reversibly blocked by the presence of tetracycline, and may be 
"turned on" by removing tetracycline from the culture media. As uninduced basal 
levels of transcription will vary among different cell types, other different minimal core 
promoters (for example HSV-tk) may be linked to the tetracycline operator sequences, 
5 provided the transcription start site is known, to allow juxtaposition at or in the 
immediate proximity of alphavirus vector nucleotide 1 . 

The rTA transactivator is provided by an additional expression cassette 
also stably transformed into the same ceil line; and in certain embodiments, the rTA 
expression cassette may itself be autore^matory. The use of an auioregulatory rTA 
1 0 expression cassette circumvents potential toxicity problems associated with constitutive 
high level expression of rTA by linking expression to transcriptional control by the 
same tetO-linked promoter to which rTA itself binds. This type of system creates a 
negative feedback cycle that ensures very little rTA is produced in the presence of 
tetracycline, but becomes highly active when the tetracycline is removed (Figure 29). 
15 Such an autoregulatory rTA expression cassette is provided in plasmid pTet-tTAk 
(Shockett et al., Proc, Natl, Acad ScL USA 92:6522-6526, 1995). 

Functionality of such a tetracycline-regulated DNA-based alphavirus 
vector is demonsu^ted by constructing a modified SIN- 1 -derived luciferase plasmid 
vector, which is driven by a tetracycline operator/CMV minimal promoter. Using 
20 plasmids pBG/SIN-1 ELVS1.5-luc (Example 4) and pBGSV3* (Example 6) as starting 
material, an approximately 7200 bp fragment, including much of the SIN-1 
nonstructural-encoding region, the junction region promoter and luciferase reporter 
gene, and a portion of the 3'-UTR, is isolated by digestion of pBG/SIN-1 ELVS1.5-luc 
with Bgl //and Fsp I, and purification from a 0.7% agarose gel using GENECLEAN II. 
25 The 7200 bp fi-agment is subsequently ligated into plasmid pBGSV3* that has also been 
digested widi Bgl II and Fsp I, treated with alkaline phosphatase, and purified from a 
0.7% agarose gel using GENECLEAN 11. The resulting construct is designated 
pBGSVdlB/SINl-luc. Insertion of the remaining sequences, which include the 
heptamerized tetracycline operator and minimal CMV promoter (tetO/CMV) linked to 
30 Sindbis nucleotides 1-2289, such that transcription will initiate with one additional 
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nonviral nucleotide 5' of Sindbis nucleotide 1, is accomplished by overlapping PGR. In 
PGR reaction #1. the approximately 370 bp tetO/GMV portion of the sequence is 
amplified by standard three-cycle PGR with a 30 second extension from template 
plasmid pUHG13-3 (Gossen and Bujard. ibid) using the following oligonucleotide 
5 primers that are designed to also contain flanking Bg! II and Asc I sites on one primer 
and sequences overlapping 5'-Sindbis nucleotides on the other. 

Forward primer: 5'BAtetOF rS'-rest sit es/tetO nts.^ (SEQ. ID. NO. 88) 

5'-TATATAGATCTGGCGCGCG/nTACCACTCCGTATGAGTGATAG-3' 

10 I 

Reverse Primer: yCMVmo/^TNR f5'.?^inrih is ntsVCVrv nr.g^ (SEQ. ID. NO. 89) i 
5'-TACGCCGTCAAT/ACGGTTCACTAAACGAGCTCTGC-3' 

I 
I 

I 

In PGR reaction #2, the 2289 bp Sindbis 5'-end portion of the sequence is amplified by 
15 standard three-cycle PGR with a three minute extension, from template plasmid 
pKSRSIN-1 (Example I), using the following oligonucleotide primers that are designed 
to also contain sequences overlapping the GMV promoter nucleotides on one primer. 

Forward nrimer: CVfVSTNS'endF ^S'-CM V nts./Sindhis nt^.^ (SEQ. ID. NO. 90) 
20 5'-TAGTGAACGGT/ATTGACGGCGTAGTACAGACTATT 

Reverse primer: .SrN240QR fall Sindhis nx^ \ (SEQ. ID. NO. 91) 
5*-CGTTGAGCATAACGGAATCTAG 

25 Following amplification, the DNA fragments are purified with QIAquick-spin and used 

together as templates in a subsequent three-cycle PGR reaction with 3.5 minute 

extension, using additional 5'BAtetOF and SIN2400R primers. The resulting 

overlapping PGR amplicon of approximately 2660 bp is purified using GENECLEAN 

n, digested with Bgl II, and ligated into plasmid pBGSVdlB/SINl-Iuc that has also 
30 been digested vnth Bgl II, treated with alkaline phosphatase, and purified from a 0.7% 

agarose gel using GENEGLEAN II. The resulting construct is designated ptetSINl-luc. 
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Vector constructs containing other heterologous sequences-of-interest are generated 
using a similar approach, or by direct cloning into the Xho I and/or Not I sites. 
Subsequently, a selectable E. coli gpt gene (xanthine-guanine phosphoribosyltrans- 
ferase) expression cassette is generated and inserted into the unique Pac I site of 
5 plasmid ptetSINl-luc, to provide an additional selectable marker. First, a fragment 
containing the SV40 promoter linked to a gpt gene open reading frame is amplified 
from plasmid pMAM (Clontech, Palo Alto, CA) by standard three-cycle PCR with a 2 
minute extension, and using the following oligonucleotide primers that are designed to 
contain upstream flanking Sac I and Pac I sites and a downstream Sac I site. 

10 

Forward primer: SV4QnroSPF f 5'-rest. sites/SV4Q promoter seg.l (SEQ. ID. NO. 92) 
5'-ATATAGAGCTCTTAATTAA/TCTTTGTGAAGGAACCnTAOT 

Reverse Primer: 3'ECgptR (5'-rest. site/^ r gene seq.) (SEQ. ID. NO. 93) 
1 5 5'-ATATAGAGCTC/AGGCGTTGAAAAGATrAGCGACCG 

Following amplification, the SV40 promoter/gp/ gene DNA fragment is purified with 
QIAquick-spin, digested with Sac /, purified using GENECLEAN II, and ligated into 
plasmid pBGS13l dlATioI-BGHTT (Example 5) that also had been digested with Sac /, 

20 treated with alkaline phosphatase, and purified from a 0.7% agarose gel using 
GENECLEAN 11, Clones with proper orientation of the insert are identified by 
restriction analysis. This configuration positions the promoter and gpt gene 
immediately adjacent to a bovine growth hormone transcription tennination signal. The 
resulting gpt expression construct is designated pBGS131 dlATioI-gpt. Next the entire 

25 expression cassette is amplified from plasmid pBGSI31 dlATioI-gpt by standard three- 
cycle PCR with a 2 minute extension, and using the following oligonucleotide primers 
that are designed to contain flanking Pac I sites. 

Eoraard primer: SVAQprpSPF. as shown above (SEQ. ID. NO. 92) 

30 
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Reverse Primer: BGHTTpacR f5'-rest. site/BGfr g^g 1 (SEQ. ID. NO. 94) 
5'-TATATATTAATTAA/ATAGAATGACACCTACTCAGACAATGCGATGC 

5 Following amplification, the gpt gene expression cassette fragment is purified with 
QIAquick-spin, digested with Pac I, purified using GENECLEAN IL and ligated into 
the tet-inducible alphavirus vector construct ptetSINl-luc that also had been digested 
with Pac L treated with alkaline phosphatase, and purified from a 0,7% agarose gel 
using GENECLEAN IL The resulting construct is designated ptetSINlgpt-luc. 
10 For construction of an initial tetracycline-inducible alphavims vector 

producer cell line, the ptetSINlgpt-luc construct and a tetracycline repressorAT16 
transactivator (rTA) expression cassette are stably transformed into the desired 
alphavirus PCL. For example, alphavirus C/GLYCO PCL cells (from above) are stably 
transformed with plasmid pTet-tTAk (see above) by cotransfection with another 
15 plasmid encoding a selectable marker. Plasmids pTet-tTAk and pSV2-His, encoding a 
histidinol dehydrogenase marker (Schatz et al., 1989, Cell 59:1035-1048), are co- 
transfected into C/GLYCO PCL cells (or other PCL) at a molar ratio of 40:1. 
respectively, using Lipofectamine, as described by the manufacturer. Approximately 24 
hours post-transfection, the cells are trypsinized and re-plated in media containing 
20 histidinol and 0.5 ug/'ml tetracycline. The media is exchanged periodically with fresh 
drug-containing media, and foci of resistant cells are allowed to grow. Cells are 
trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and 
individual cell clones are grown are expanded for screening. Positive pTet-tTAk- 
containing packaging cell clones, designated C/GLYCO/TAk cells, are identified by 
25 transfecting the luciferase reporter plasmid pUHC13-3 (Gossen and Bujaid, ibid), under 
the control of a tetO/promoter, in both the presence or absence of tetracycline. In the 
absence of tetracycline, positive C/GLYCO/TAk PCL cells will provide induction from 
the tetO/promoter and inducible, high levels of luciferase. 

Subsequently, the DNA-based alphavirus vector construct ptetSINlgpt- 
30 luc is stably transfected into the C/GLYCO/TAk cells using Lipofectamine, as 
described by the manufacturer. Approximately 24 hr post-transfeciion, the cells are 
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trypsinized and re-plated in selection media, optimized for the panicular cell type 
(DMEM + 10% dialyzed fetal calf serum; 250 ug/ml xanthine; 15 ug/ml hypoxanthine; 
10 ug/ml thymidine; 2 ug/ml aminopterin; 25 ug/'ml mycophenolic acid), and containing 
0.5 ug/'ml tetracycline. The media is exchanged periodically with fresh selection media, 
5 and foci of resistant cells are allowed to grow. Cells are trypsinized and cloned by 
limiting dilution in 96 well tissue culture dishes, and individual cell clones are grown 
are expanded for screening. Positive producer cell lines, stably transformed with 
ptetSINlgpt-iuc, are identified by removing tetracycline from the media for at least 24 
hr and testing for iuciferase in cell lysates and also testing for packaged luciferase 
1 0 vector in the culture supemaianis. as described previously. 

B. AlDhavirus DNA Vectors With Two J.ev^l Rff^nlflTion 

In preferred embodiments, it may be desirable to construct a DNA-based 
alphavirus vector (wild-type or with the desired phenotype of reduced, delayed or no 

15 inhibition of host macromolecular synthesis), wherein transcription of the RNA vector 
molecule, capable of autocatalytic amplification, occurs from a promoter which is very 
tightly controlled by two levels of regulation to eliminate all basal levels of 
transcription. Such an approach may combine one inducible component (e.g., the tet 
system from above) with a reversible transcriptional silencing component. For 

0 example, the KRAB repression domain of a certain zinc finger protein may be used. 

Briefly, KRAB (Kriippel-associated box) domains are highly conserved 
sequences present in the amino-terminal regions of more than one-third of all Krxlppel- 
class Cys2His2 zinc finger proteins. The domains contain two predicted amphipathic 
a-helicies and have been shown to function as DNA binding-dependent RNA 

5 polymerase II transcriptional repressors (for example, Licht et al.. Nature 346: 76-79, 
1990). Like other transcription factors, the active repression domain and the DNA- 
binding domain are distinct and separable. Therefore, the repression domain can be 
linked as a fusion protein to any sequence specific DNA binding protein for targeting. 
Ideally, the DNA binding protein component can be reversibly prevented from binding 

3 in a regulatable fashion, thus turning "off' the transcriptional silencing. For example, 
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within one embodiment the KRAB domain from human Koxl (Thiesen, New BioL 
2:363-374, 1990) is fused to the DNA-binding lactose (lac) repressor protein, forming a 
hybrid transcriptional silencer with reversible, sequence-specific binding to a lac 
operator sequence engineered immediately adjacent to the tet-responsive promoter 
5 (Figure 30), In this configuration, constimtive expression of the lac repressor/KRAB 
domain fusion (rKR) will result in binding to the lac operator sequence and the 
elimination of any "leaky" basal transcription from the uninduced tet-responsive 
promoter. When \ecior expression is desired and tetracycline is removed from the 
system, IPTG is added to prevent rKR-mediated transcriptional silencing. 
10 In addition, the KRAB domains from other zinc finger proteins, for' 

example, ZNF133 (Tommerup et ah, Hum. MoL Genet, J: 1571 -1575, 1993), ZNF91 
(Bellefroid et ah, EMBO J. 72:1363-1374, 1993), ZNF2 (Rosati et aL, Nucleic Acids 
Res. /P:566 1-5667, 1991), and others, as well as other transferable repressor domains, 
for example, Drosophila en or eve genes (Jaynes and OTarrell, EMBO J. 7^?: 1427-1433, 
15 1991; Han and Manley. Genes Dev. 7:491-503, 1993). human zinc finger protein YYl 
(Shi et al.. Cell 57:377-388, 1991), Wilms' tumor suppressor protein WTl (Madden et 
al.. Science 255:1550-1553, 1991), thyroid hormone receptor (Baniahmad et al., EMBO 
y. //:1015-1023, 1992), retinoic acid receptor (Baniahmad et al., ibid), Kid-1 (Witzgall 
et al, Proc. Natl Acad. Sci. USA P/:45 14-45 18, 1994), are readily used in such a 
20 system. Furthermore, the lac repressor/lac operator component of this system may be 
substituted by any number of other regulatable systems derived from other sources, for 
example, the tryptophan and maltose operons, GAL4, etc. 

Specifically, an expression cassette that contains the lac repressor {laci) 
protein fused to the KRAB domain of human Koxl, with a linked nuclear localization 
25 sequence (NLS; Pro-Lys-Lys-Lys-Arg-Lys (SEQ. ID. NO. 100); Kalderon et al.. Cell 
JP:499-509, 1984) to more efficiently direct the protein back to the nucleus, is 
constructed by overiapping PCR. In PGR reaction #1, the approximately 1 100 bp lacI 
sequence is amplified by standard three-cycle PCR with a 1.5 minute extension, from 
template plasmid p3'SS (Stratagene, La Jolia, CA), using the following oligonucleotide 
30 primers that are designed to also contain a flanking Xho I site and AUG start codon in 
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good translation initiation context on the upstream primer, and the SV40 large-T- 
antigen nuclear localization sequence on the odier. 

Forward primer: LacIS'V TS'-rest. site/ AUG + lacT spg^^f^T^rp) (SEQ. ID. NO. 95) 
5 5'-ATATACTCGAGTAGCA/ATGGTGAAACCAGTAACGTTATAC 

Reverse primer: rS'-NLS/lacI <;pqiip^rf ) (SEQ. ID. NO. 96) 

5'-GCCCTTTCTCTTCTTTTTTGG/CTGCCCGCTTTCCAGTCGGGAAAC 

10 In PGR reaction #2, the an approximately 400 bp amplicon, comprising the amino- 
terminal 121 residue KRAB domain of human Koxl is amplified by standard three- 
cycle PGR with a one minute extension, from template plasmid pKoxl (Thiesen, New 
Biol. 2:363-374, 1990), using the following oligonucleotide primers that are designed to 
also contain sequences overlapping NLS and lad on one primer and a Sac I restriction 

1 5 site and stop codon on the other. 

Forward nrimer: KRABS'F fS'-NLS+lacI overlap se guence/KRAB sequenced 
(SEQ. ID. NO. 97) 

5'-CCAAAAAAGAAGAGAAAG/GGGGGTGGTGCTTTGTCTCCT 

20 

Reverse primer: KRAB3'R (Surest, site^-stnp rn don/KRAB seq uenced 
(SEQ. ID. NO. 98) 

5*-ATATAGAGCTCTTA/AACTGATGATTTGATTTCAAATGC 

25 Following amplification, the DNA fragments are purified with QLAquick-spin and used 
together as templates in a subsequent three-cycle PGR reaction with 2.5 minute 
extension, using additional LacIST and KRAB3*R primers. The resulting overi^ping 
PGR amplicon of approximately 1500 bp is purified using GENECLEAN II, digested 
with Xho I and Sac /, and ligated into the eukaryotic expression vector plasmid pEUK- 

30 CI (Clontech, Palo Alto. CA) that has also been digested with Xho I and Sac /, treated 
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with alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN 
II. The resulting iacI/KRAB expression construct is designated pEUK-rKR. 

To generate stable PCL transformants containing the lacI/KRAB 
expression cassette, an alphavims PCL which has already been selected for 
5 transformation with an rTA tet/transactivator fusion protein cassette is used for starting 
material. For example, alphavims C/GLYCO/TAk PCL cells (from above) are stably 
transformed with plasmid pEUK-rKR by cotransfection with another plasmid encoding 
a selectable marker. Plasmids pEUK-rKR and pPUR, encoding a puromycin 
aceiyltransferase selectable marker (Clontech), are co-transfected into C/GLYCOyTAk 

10 PCL cells (or other PCL) at a molar ratio of 40: K respectively, using Lipofeciamine, as 
described by the manufacturer. Approximately 24 hr post-transfection, the cells are 
trypsinized and re-plated in media containing 5 ug/mi puromycin and 0.5 ug/ml 
tetracycline. The media is exchanged periodically with fresh drug-containing media, 
and foci of resistant cells are allowed to grow. Cells are trypsinized and cloned by 

15 limiting dilution in 96 well tissue culture dishes, and individual cell clones are grown 
are expanded for screening. Positive pEUK-rKR-containing packaging cell clones, 
designated C/G/TAk/rKR cells, are identified by immunostaining with a polyclonal 
antiserum specific for /ac/ (Stratagene, La JoUa, CA). 

Next, specific lac operator (lacO) sequences must be inserted into the 

20 desired ptet-based alphavims vector (see above). For example, vector constmct 
ptetSINlgpt-luc is modified to contain multiple copies of lacO by using a synthetic 
oligonucleotide linker. The LacO oligonucleotide is designed to contain a symmetric 
lacO sequence, including the full 22 bp palindromic operator sequence (Simons et al., 
Proc. Natl. Acad, ScL USA 57:1624-1628, 1984; Sadler et al., Proc. NatL Acad, ScL 

25 USA 50:6785-6789, 1983), and flanking Asc I sites when self-annealed into a double- 
stranded molecule. 

La^QsmA (SEQ.ID.N0.99) 
5'-CGCGCCGAATTGTGAGCGCTCACAATTCGG 

30 
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The LacOsymA oiigo is self-annealed to form a Asc I "sticky-ended" DNA fragment, 
and then ligated into plasmid ptetSINlgpt-luc that has been digested with Asc I, treated 
with alkaline phosphatase, and purified from a 0.7% gel using GENECLEAN IL 
Clones containing one. two. three, or more tandem copies of the lacO sequence are 
5 identified by sequence analysis, and given the designation pOItetSINl gpt-luc, 
pOIItetSINlgpt-luc. pOIIItetSINlgpt-iuc, etc. Individual clones with different lacO 
copy numbers are then transfected as detailed below, and tested for the tightest level of 
transcriptional regulation. 

To generate an alphavirus vector producer cell line, the DNA-based 
10 pOtetSINlgpt-luc vector constructs are stably transfected into C/G/TAk/rKR cells using 
Lipofectamine, as described by the manufacturer. Approximately 24 hr post- 
n^fection, the cells are trypsinized and re-plated in selection media, optimized for the 
particular cell type (DMEM + 10% dialyzed fetal calf semm; 250 ug/ml xanthine; 15 
ug/ml hypoxanthine: 10 ug/ml thymidine; 2 ug/ml aminopterin; 25 ug/'ml mycophcnoUc 
15 acid), and containing 0,5 ug/ml tetracycline. The media is exchanged periodically with 
fresh selection media, and foci of resistant cells are allowed to grow. Cells are 
trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and 
individual cell clones are grown are expanded for screening. Positive producer cell 
lines, stably transformed with the pOtetSINlgpt-luc constructs, are identified by the 
20 expression of luciferase (described previously) at least 24 hr after the removal of 
tetracycline from the media and the addition of 20mM IPTG for induction. Luciferase 
activity is determined both on producer cell lysaies and also after transfer-of-expression 
experiments using culture supematants. 

Additional levels of control may be incorporated by adding a third, or 
even fourth, level of regulation to the promoter responsible for transcription of the 
alphavirus vector molecule. Such extra level or regulation may be incorporated into the 
minimal promoter, and may involve other inducible systems and/or cell differentiation 
control. In each of the above cases, stable transformation may be accomplished as an 
integration into the host cell chromosome, or as an extrachromosomal episome, using 
for example, the EB V episomal-based vector promoter (for non-integrated). 
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EXAMPLES 

Methods for the Generation of Alphavirus-Derived Empty 
OR Chimeric Viral Particles 

As illustrated in Example 6. individual defective helper (DH) expression 
cassettes can be constructed to contain elements from multiple alphaviruses or their 
variants. Thus, as described in Example 6, split structural gene DH cassettes for the 
expression of the viral glycoproteins can be constructed to contain the capsid and 
glycoprotein genes from different alphavirus species. For example, such a heterologous 
alphavirus glycoprotein DH cassette might contain the capsid gene from Ross River 
virus (RRV). and the glycoprotein genes from Sindbis virus. In this configuration, the 
RRV capsid gene ser\'es to enhance the level of translation of the glycoprotein genes. 

The configurations described herein for the heterologous alphavirus 
glycoprotein DH cassettes are designed to improve the packaging of vector replicons 
into alphavirus particles, yet diminish the possibility of recombination, resulting in the 
formation of replication competent alphavirus. The heterologous alphavirus 
glycoprotein DH expression cassette is a replacement of the Sindbis virus capsid gene 
in the DH expression cassettes described in Example 6 ("genomic" structural protein 
gene PCL), with a heterologous alphavirus capsid gene (e.g. RRV). The second DH 
expression cassette in the split structural gene PCL contains, for example, the Sindbis 
virus capsid gene. Thus, a split structural gene PCL for the generation of recombinant 
alphavirus vector panicles having Sindbis virus structural proteins can be derived, for 
example, with the Sindbis virus glycoprotein genes and capsid genes on individual DH 
expression cassettes. 

It has been shown previously that chimeric viruses containing all of the 
genes of RRV. but with the capsid gene from Sindbis virus, or the reciprocal chimeric 
virus, do not assemble into infectious virus particles (Lopez et. al, y. Virol. ^5:1316- 
1323, 1994). The authors concluded in this report that the interaction between the 
carboxy terminus of glycoprotein E2 and capsid protein in virus assembly cannot occur 
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between the structural proteins of heterologous alphaviruses. Thus, recombinant 
genomes arising in the split structural gene alphavirus PCLs described in Example 6, 
consisting of the Sindbis virus non-structural protein genes (originating from the vector 
replicon), the RRV capsid gene, and the Sindbis virus glycoprotein genes, should not be 
replication competent resulting in the propagation of virus (rephcation competent 
Sindbis virus, RCSV). The packaging restriction between heterologous alphavirus 
species permits the construction of DH cassettes comprised of the capsid gene, 
including the translational enhancement element, from one alphavirus, and the 
glycoprotein genes from a different alphavirus. 

However, as illustrated in Figure 31, the observation of Lopez et. al. 
(ibid), that assembly cannot occur between the structural proteins of heterologous 
alphaviruses, is incorrect. Indeed, a DH cassette consisting of the RRV capsid gene, 
and the Sindbis virus glycoprotein gene produces infectious virus particles. Briefly, 
BHK cells were co-electroporated with SINrep/Lac Z replicon (Bredenbeek et. al., 1 
Virol,. 57:6439-6446, 1993), and DH-BB (5* tRNA/SIN) Crrv (Example 6 and Figure 
24; RRV capsid/Sindbis virus glycoproteins) in vitro transcribed RNAs. The 
electroporation and in vitro transcriptions were performed as described in Example 1. 
Following electroporation, the BHK cells were treated with dactinomycin and labeled 
with [^HJuridine, exactly as described in Example 1. At 18 hours post electroporation, 
the culture medium was collected, and clarified by centrifugation at 6,000 rpm for 10 
min. The vector particles remaining in the supernatant were pelleted by 
ultracentrifugation, after first layering over a sucrose cushion. RNA was isolated from 
the BHK cells at 18 hours post electroporation, and from the virus pellet, 
electrophoresed on denaturing glyoxal agarose gels, and visualized by autoradiography, 
exactly as described in Example 1 . The viral RNAs present in BHK cells electoporated 
with SINrep/LacZ and DH-BB Crrv RNAs, and in virus particles, are shown in Figure 
31 (lane 1, panel A, and lane 1. panel B). RNAs corresponding to the genomic and 
subgenomic replicative species for SINrep/LacZ and DH-BB Crrv RNAs were present 
in both electroporated BHK cells, and the produced virus particles. The results 
demonstrate, in contrast to Lopez et. al. (ibid), the formation of chimeric alphavirus 
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panicles consisting of RRV capsid protein and Sindbis virus glycoproteins. Further, the 
indiscriminate packaging of genomic and subgenomic SINrep/LacZ and DH-BB Crrv 
RNAs in chimeric alphavirus particles indicates the inability of the Ross River capsid 
protein to recognize specifically the Sindbis virus packaging sequence, which is present 
5 in the nsPl gene of the SINrep/LacZ vector replicon. 

The viral proteins present in BHK cells electoporated with SINrep/LacZ 
and DH-BB Crrv RNAs, at 18 hours post electroporation, and the produced virus 
particles are given in Figure 32 (lane 1, panel A, and lane 1. panel B). The virai-specific 
structural proteins in electroporated cells and the produced chimeric alphavirus particles 
10 were indistinguishable. That is. Figure 32 demonstrates clearly that virus particles 
produced from BHK cells electroporated with SINrep/LacZ and DH-BB Crrv RNAs 
contained the RRV capsid and the Sindbis virus glycoproteins EI and E2. This result 
provides indisputable e\ndence that in conn^t to Lopez et. al., (ibid), there is no 
restriction in assembly between heterologous alphavirus capsid and glycoproteins that 
1 5 prevents the formation of chimeric viral particles. 

Thus, in distinct contrast to the results and discussion of Lopez et. al., the 
amino tenninus of the RRV capsid protein is able to bind with the heterologous Sindbis 
virus genome, and form infectious chimeric alphavirus particles. Importantly, the 
previous conclusion that there is a restriction of virus assembly between heterologous 
20 alphavirus capsid proteins and glycoproteins is incorrect. The generation of chimeric 
alphavirus particles as described here would, then, also result in the formation of RCSV 
in the split strucuu-al gene PCLs described above, since a recombinant genome 
consisting of the Sindbis virus non-structural protein genes (originating from the vector 
replicon), the RRV capsid gene, and the Sindbis virus glycoprotein genes, would 
25 generate infectious vims. Alternatively, this lack of restriction of packaging between 
distinct alphavirus structural proteins and vector replicons permits the tropism of vector 
particles to be modified. For example, Sindbis virus replicons can be packaged with the 
Venezuelan Equine Ecephalitis virus stmctural proteins, in order to generate a 
lymphotropic recombinant vector particle. 
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The results described in two separate previous investigations have shown 
that ablation, in vitro, of the interaction between the capsid protein and the positive 
RNA-stranded genome of two icosahedral viruses having triangulation numbers (T)=3. 
turnip crinkle virus (TCV), and southern bean mosaic virus (SBMV), resulted in the 
disassociation of the virus particles, and the formation of nucleic acid-free T=l panicles 
(Sorger et. al. J. Mol. Biol., 191:639-656, 1986, and Erickson and Rossmann, Virology 
116:128-136. 1982). In the absence of nucleic acid, T=3 particles similar to wild-type 
virus were not formed in vitro, Owen and Kuhn (J. Virol., 70:2757-2763, 1996), 
investigated the packaging properties of Sindbis virus genomes containing deletions in 
the capsid. in order to identify the region of the capsid protein that is required for 
dictating specificity of the encapsidation reaction, in vivo. One mutant virus [CD(97- 
106)] which contained a deletion corresponding to residues 97-106 of the capsid, 
encapsidated both genomic and subgenomic RNAs, indicating the domain of the capsid 
protein required for specific recognition of the genomic RNA packaging signal. In yet 
another report, the packaging properties of Aura alphavirus were investigated 
(Rumenapf et. al. J. Virol.. 69:1741-1746, 1995). In this study, a mechanism for 
alphavirus packaging that involves a capsid protein-encapsidation sequence interaction 
initiation complex was proposed. This mechanism proposed is based on observations 
by the authors, and others (including Owen and Kuhn, ibid), in which 26S and 49S 
alphavirus RNAs are packaged into T=l, T=3, T=4, and T=7 virus particles, and that 
empty capsids arising during infection with alphaviruses have not been reported. 

Based on the literature presented above and the discussions contained 
therein, a RRV capsid gene deleted of the region corresponding to the capsid protein 
domain that is required for dictating specificity of the encapsidation reaction, and, in 
addition, surrounding basic residues that bind electrostatically with viral RNA, should 
not be able to form stable capsid particles containing viral RNAs, Thus, the alphavirus 
structural proteins expressed from a heterologous alphavirus DH cassette, consisting of 
this deleted RRV capsid gene and the Sindbis virus glycoprotein genes, should not 
assemble into stable chimeric alphavirus particles. Thus, in the split structural gene 
PCL discussed above and in Example 6, a recombinant genome consisting of the 
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Sindbis virus non-structural protein genes, the RRV capsid gene (deleted of the region 
corresponding to packaging specificity and the surrounding basic residues), and the 
Sindbis virus glycoprotein genes, could not generate infectious virus. As described in 
Example 6, the Sindbis virus capsid protein is expressed from a separate DH expression 
cassette; thus, the three Sindbis virus structural proteins are expressed in toto, resulting 
in the production of recombinant vector panicles. 

Nucleotides of the RRV capsid gene corresponding to predicted regions 
of the expressed protein that bind to the Sindbis virus packaging sequence (Weiss et. aL, 
Nuc. Acids, Res.. 22:780-786, 1994, and Lopez et. al.. ibid), including the basic 
residues which bind electrostatically with the viral RNA, were deleted in order to 
consuiict a heterologous alphavirus capsid-glycoprotein DH that provided translational 
enhancement and correct pE2-6K-El polyprotein processing by post-translational 
cleavage, yet could not assemble stable chimeric RRV/Sindbis virus particles. Figure 
33 illustrates the hydrophobicity profiles (Kyte-Dolittle) of the RRV capsid protein, and 
the capsid protein expressed from 3 individual RRV capsid gene mutants (CAInv, 
CA2rTV, and CA3rTv), in which varying amounts of the capsid gene encoding a lysine- 
rich protein that interacts with the viral packaging sequence RNA, was deleted. The 
lysine-rich basic region of the RRV capsid protein is shown in Figure 33. Further, the 
hydrophobicity profiles demonstrate that this lysine-rich basic region is progressively 
eliminated in the 3 individual RRV capsid gene mutants CAlrrv, CA2rrv, and CA3rr\'. 
Figure 34 demonstrates the lysine residues eliminated in the expressed RRV capsid 
protein, as a result of the deletions in mutants CAlrrv, CA2rrv, and CA3rTv. The table 
shown below gives the nucleotides deleted in the RRV genome of constructs CAlrrv, 
CA2rrv, and CA3rTv. 



Cflflsimd P^kted mv ygnomf Tits, 

CAlrrv 7841-7891 

CA2rTv 7796-7891 

CA3rrv 7760-7891 
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The RRV capsid gene deletions were constructed on the DH-BB Crrv plasmid DNA 
illustrated in Figure 23, and described in Example 6. The indicated RRV capsid gene 
sequences were deleted by PCR, using the primers and other cloning steps given in 
Example 6. 

5 Figures 31 and 32, discussed above, illustrate the virus-specific RNAs 

(Figure 31) and proteins (Figure 32) synthesized in BHK cells electroporated with 
SINrep/LacZ and the DH-BB CAlrrv, CA2rTv, or CA3rTv RNAs. and present in viral 
particles contained in the culture fluids of these cells. The genomic and subgenomic 
species were detected for both the SINrep/LacZ replicon and all the three DH-BB 
10 CAlrrv, CA2rTv, or CA3rrv DH RNAs in electroporated cells (Figure 31, panel A). 
However, the SINrep/lacZ replicon was not packaged in vector particles in cells 
electroporated with DH RNA containing deletions in the RRV capsid gene, as 
demonstrated by the absence of replicon genomic RNA in virus particles (Figure 31, 
panel B). Further, helper genomic and subgenomic RNAs were packaged very 
15 inefficiently and were barely visible in autoradiograms of denauiring gels (Figure 31, 
panel B, lanes 3 and 4). when cells were electroporated with DH molecules containing 
larger deletions of the RRV capsid (CA2rrv or CA3nv). In contrast, while SINrep/lacZ 
genomic RNA (and DH RNA in electroporations with CA2rrv or CA3rrvO was not 
detected in viral particles from BHK cells electroporated with the DHs containing 
20 deletions in the RRV capsid gene, equivalent RRV capsid protein and Sindbis virus 
glycoprotein levels were observed in virus particles from cells elecn-oporated with all 
DH RNAs, regardless of whether the RRV capsid gene contained deletions (Figure 32, 
panels A and B). This result demonstrates that stable chimeric virus particles not 
containing vector replicon, or other viraUspecific RNAs. were formed in BHK cells 
25 electroporated with SINrep/lacZ genomic RNA and DH RNA, from which capsid 
protein unable to bind to the genomic RNA was expressed. The formation of stable 
empty heterologous alphavirus particles is unexpected and not predicted, based on the 
results and discussions of previous investigations (Lopez et. al., 7. Virol. 55:1316-1323, 
1994. Sorger et. al. / MoL BioL, /P7:639-656, 1986. Erickson and Rossmann, Virology 
30 //d:128-136. 1982, and Rumenapf et. al. /. ViroL, 59:1741-1746, 1995). 
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To detennine the composition of the vims particles produced, BHK cells 
were electroporated with SINrep lacZ and the DH RNAs containing various RRV 
capsid gene configurations, as described herein, and were treated subsequently with 
dactinomycin, and labeled with [''SJmeihionine and ['HJuridine, as described in 
Example 1. The configuration of the viral particles produced were determined by 
ultracentrifligation of clarified cell culture media for 2 hrs at 35,000 rpm in a SW-41 
rotor over a 20%-40% (w/w) sucrose gradient. The results of this study are shown in 
Figures 35-37, and demonstrate again the formation of stable empty heterologous 
alphavirus particles. Figure 35 demonstrates the relative levels of [^'S]methionine and 
[^Hjuridine incorporated into panicles synthesized in BHK cells infected at high MOI 
(5) with wild-type virus, Totol 101. Figure 36 demonstrates that the relative levels of 
["SJmethionine and [^HJuridine incorporated into particles synthesized in BHK cells 
electroporated with SINrep/LacZ and DH-BB (5' tRNA) Crrv (Figure 23) RNAs was 
the same as in cells infected with wild-type vims. In contrast, Figure 37 demonstrates 
that the particles produced in BHK cells electroporated with SENrep/LacZ and DH-BB 
(5* tRNA) CA3rrv contained very low levels of incorporated [^H]uridine. Figure 38 is a 
compilation of Figures 35-37, and illustrates clearly that while the relative levels of 
["S]methionine and [^H]uridine incoiporated into particles were similar in BHK cells 
infected or electroporated with RNAs containing wild-type alphavims capsid genes, 
BHK cells electroporated with DH RNA containing deletions of nts. 7760-7891 of the 
RRV capsid gene formed stable chimeric empty alphavims particles, devoid of 
SINrep/LacZ RNA. Titers of empty alphavims particles, produced in cell lines 
electroporated with with SINrep/LacZ RNA and DH-BB CD3rTV in vitro transcribed 
RNAs, and labeled with ["S]methionine, were dctemiined by comparison with BHK 
cells, infected with Toto 1101 wild-type vims, and labeled with [35S]methionine. The 
level of radioactivity present in vims-containing sucrose gradient fractions from Toto 
1 101 -infected cells was quanitated. and related to the virus titer present in these same 
fractions, as determined by plaque assay, according to the methods described in 
Example 1. For empty alphavims particle titer determinations, the level of radioactivity 
present in virus particle-containing sucrose gradient fractions from BHK cells 
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eiectroporated with SINrep/LacZ RNA and DH-BB CD3rrv in vitro transcribed RNAs, 
was quantitated, and related to the [^*S]methionine/virus titer, from Toto 1101 infected 
cells. The titer of empty chimeric virus particles, containing the deleted Ross River 
virus capsid and the Sindbis virus glycoproteins, produced in SINrep/LacZ RNA and 
5 DH-BB CD3rrv vitro transcribed RNA eiectroporated cells was 1 x 10' panicles/ml. 

While the present invention has been described above both generally and 
in terms of preferred embodiments, it is understood that variations and modifications 
will occur to those skilled in the art in light of the description, supra. Therefore, it is 
10 intended that the appended claims cover ail such variations coming within the scope of 
the invention as claimed. 

Additionally, the publications and other materials cited to illuminate the 
background of the invention, and in particular, to provide additional details concerning 
its practice as described in the detailed description and examples, are hereby 
15 incorporated by reference in their entirety. 
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Claims 

We claim: 

1. An isolated nucleic acid molecule, comprising an altered alphavirus 
nonstructural protein gene which, when operably incorporated into a recombinant alphavirus 
particle, increases the time required to reach 50% inhibition of host-cell directed 
macromolecular synthesis following expression in mammalian cells, as compared to a wild- 
type alphavirus. 

2. An isolated nucleic acid molecule, comprising an alphavirus 
nonstructural protein gene which, when operably incorporated into a recombinant alphavirus 
panicle, has a reduced level of vector-specific RNA synthesis, as compared to the wild-type, 
and the same or greater level of proteins encoded by RNA transcribed fix>m the viral junction 
region promoter, as compared to a wild-type recombinant alphavirus particle. 

3. An alphavirus vector construct, comprising a 5' promoter which 
initiates synthesis of viral RNA in vitro from cDNA, a 5' sequence which initiates 
transcription of alphavirus RNA, a nucleic acid molecule which operably encodes all four 
alphaviral nonstructural proteins including a nucleic acid molecule according to claims 1 or 2, 
an alphavirus RNA polymerase recognition sequence and a 3* polyadenylate tract. 

4. An alphavirus vector construct, comprising a 5' promoter which 
initiates synthesis of viral RNA in vitro from cDNA, a 5* sequence which initiates 
transcription of alphavirus RNA, a nucleic acid molecule which operably encodes all four 
alphavirus non-structural proteins, an alphavirus viral jimction region promoter, an alphavirus 
RNA polymerase recognition sequence, and a 3' polyadenylate tract, wherein said in vitro 
synthesized RNA, upon packaging into an alphavirus particle and introduction of the particle 
into a mammalian host cell, increases the time required to reach 50% inhibition of host-cell 
directed macromolecular synthesis following expression in manmialian cells, as compared to 
a wild-type alphavirus particle. 
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5. An aiphavinis vector construct, comprising a 5' promoter which 
initiates synthesis of viral RNA in vitro from cDNA, a 5' sequence which initiates 
transcription of alphavirus RNA, a nucleic acid molecule which operably encodes all four 
aiphavinis non-structural proteins, an alphavirus \'iral junction region promoter, an alphavirus 
RNA polymerase recognition sequence, and a 3* polyadenylate tract, wherein said in vitro 
synthesized RNA, upon packaging into an alphavirus particle and introduction of the particle 
into a mammalian host cell, has a reduced level of vector-specific RNA synthesis as 
compared to wild-type alphavirus particle, and the same or greater level of protein encoded 
by RNA transcribed from the viral junction region promoter, as compared to a wild-type 
alphavirus particle. 

6. An alphavirus RNA vector replicon capable of translation in a 
eukaryotic system, comprising a 5' sequence which initiates transcription of alphavirus RNA, 
a nucleic acid molecule which operably encodes all four alphaviral nonstructural proteins, 
including a nucleic acid molecule according to claims 1 or 2, an alphavirus viral junction 
region promoter, an alphavirus RNA polymerase recognition sequence and a 3* polyadenylate 
tract. 

7. An alphavirus RNA vector replicon capable of translation in a eukaryotic 
system, comprising a 5" sequence which initiates transcription of alphavirus RiJA, a nucleic 
acid molecule which operably encodes all four alphaviral nonstructural proteins, an 
alphavirus viral junction region promoter, an alphavirus polymerase recognition sequence and 
a 3* polyadenylate tract, wherein said alphavirus RNA, upon packaging into an aiphavinis 
particle and introduction of the particle into a mammalian host cell, increases the time 
required to reach 50% inhibition of host-cell directed macromolecular synthesis following 
expression in mammalian cells, as compared to a wild-type alphavirus particle, 

8. An alphavirus RNA vector replicon capable of translation in a 
eukaryotic system, comprising a 5' sequence which initiates transcription of alphavirus RNA, 
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a nucleic acid molecule which operably encodes all four alphaviral nonstnictural proteins, an 
alphavirus viral junction region promoter, an alphavirus polymerase recognition sequence and 
a 3' polyadenylate tract, wherein said alphavirus RNA, upon packaging into an alphavirus 
particle and introduction of the particle into a mammalian host ceil, has a reduced level of 
vector-specific RNA synthesis as compared to wild-type alphavirus particle, and the same or 
greater level of protein encoded by RNA transcribed from the viral junction region promoter, 
as compared to a wild- type alphavirus particle. 

9. A pharmaceutical composition, comprising an alphavirus RNA vector 
replicon according to any one of claims 6, 7 or 8 and a pharmaceutically acceptable carrier or 
diluent. 

10. A recombinant alphavirus particle, comprising one or more alphavirus 
structural proteins, a lipid envelope, and an RNA vector replicon according to any one of 
claims 6, 7 or 8. 

11. The recombinant alphavirus particle according to claim 10 wherein 
said alphavirus su^ctural protein and lipid envelope are derived from different alphavirus 
species. 

12. A pharmaceutical composition, comprising a recombinant alphavirus 
particle according to claim 10 or 1 1 and a pharmaceutically acceptable carrier or diluent. 

13. A host cell infected with a recombinant alphavirus particle according to 

claim 10 or 11. 

14. A togavirus capsid particle which contains substantially no genomic or 
RNA Vector Replicon nucleic acids. 
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15. The capsid panicle according to claim 14, further comprising a lipid 
envelope containing one or more alphavirus glycoproteins. 

16. The capsid particle according to claim 14, further comprising an 
alphavirus envelope. 

17. The capsid particle according to claim 14 wherein said capsid is 
derived from a togavirus selected from the group consisting of alphaviruses, mbiviruses, 
flaviviruses and pesiiviruses. 

18. A pharmaceutical composition, comprising a capsid particle according 
to any one of claims 14 to 1 7, and a pharmaceutical ly acceptable carrier or diluent. 

19. An alphavirus structural protein expression cassette, comprising a 5' 
promoter which initiates synthesis of RNA from DNA, a nucleic acid molecule which 
encodes one or more fimctional alphavirus structural proteins, a selectable marker operably 
linked to transcription of the expression cassette, and a 3' sequence which controls 
transcription termination. 

20. An alphavirus packaging cell line, comprising a cell containing an 
alphavirus structural protein expression cassette according to claim 19. 

21. An alphavirus producer cell line, comprising a cell containing a stably 
transforaied alphavirus structural protein expression cassette, and a vector selected torn the 
group consisting of an RNA vector replicon according to any one of claims 6 to 8, an 
alphavirus vector construct according to any one of claims 3 to 5, and a eukaryotic layered 
vector initiation system according to any one of claims 22 to 24. 

22. A eukaryotic layered vector initiation system, comprising a 5' promoter 
capable of initiating in vivo the 5' synthesis of alphavirus RNA from cDNA, a sequence 
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which initiates transcription of aiphavirus RNA following the 5' promoter, a nucleic acid 
molecule which operably encodes all four alphaviral nonstructural proteins, including a 
nucleic acid molecule according to claims I or 2, an aiphavirus RNA polymerase recognition 
sequence, and a 3' polyadenylate tract. 

23. A eukaryotic layered vector initiation system, comprising a 5' promoter 
capable of initiating /;/ vivo the 5' synthesis of aiphavirus RNA from cDNA. a sequence 
which initiates transcription of aiphavirus RNA following the 5' promoter, a nucleic acid 
molecule which operably encodes all four alphaviral nonstructural proteins, an aiphavirus 
RNA polymerase recognition sequence, and a 3' polyadenylate tract, wherein said in vivo 
synthesized RNA, upon packaging into an aiphavirus particle and introduction of the panicle 
into a mammalian host celL increases the time required to reach 50% inhibition of host-cell 
directed macromolecular synthesis following expression in mammalian cells, as compared to 
a wild-type aiphavirus panicle. 

24. A eukaryotic layered vector initiation system, comprising a 5' promoter 
capable of initiating vivo the 5* synthesis of aiphavirus RNA from cDNA, a sequence 
which initiates transcription of aiphavirus RNA following the 5' promoter, a nucleic acid 
molecule which operably encodes all four alphaviral nonstructural proteins, an aiphavirus 
RNA polymerase recognition sequence, and a 3' polyadenylate tract, wherein said in vivo 
synthesized RNA, upon packaging into an aiphavirus particle and introduction of the particle 
into a mammalian host cell, has a reduced level of vector-specific RNA synthesis as 
compared to wild-type aiphavirus particle, and the same or greater level of protein encoded 
by RNA transcribed from the viral junction region promoter, as compared to a wild-type 
aiphavirus particle. 

25. A host cell containing a eukaryotic layered vector initiation system 
according to any one of claims 22 to 24. 
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26. A pharmaceutical composiiion, comprising a eukaryotic layered vector 
initiation system according to any one of claims 22 to 24 and a pharmaceutically acceptable 
carrier or diluent. 

i 

27. A method for delivering a selected heterologous sequence to a 
vertebrate or insect, comprising administering to a vertebrate or insect an alphavirus vector 
construct according to any one of claims 3 to 5. an alphavirus RNA vector replicon according 
to any one of claims 6 to 8, a recombinant alphavirus particle according to claim 10, or a 
eukaryotic layered vector initiation system according to any one of claims 22 to 24. 

28. A method for stimulating an immune response within a vertebrate 
comprising administering to a vertebrate an alphavirus vector construct according to any one 
of claims 3 to 5, an alphavirus RNA vector replicon according to any one of claims 6 to 8, a 
recombinant alphavirus particle according to claim 10. or a eukaryotic layered vector 
initiation system according to any one of claims 22 to 24, wherein said alphavirus vector 
construct, RNA vector replicon, particle, or eukaryotic layered vector initiation system 
expresses an antigen which stimulates an immune response within said vertebrate. 

29. A method for inhibiting a pathogenic agent within a vertebrate, 
comprising administering to a vertebrate an alphavirus vector construct according to any one 
of claims 3 to 5, an alphavirus RNA vector replicon according to any one of claims 6 to 8, a 
recombinant alphavirus particle according to claim 10, or a eukaryotic layered vector 
initiation system according to any one of claims 22 to 24, wherein said alphavirus vector 
construct, RNA vector replicon, particle, or eukaryotic layered vector initiation system 
expresses an palliative which is capable of inhibiting a pathogenic agent. 

30. A method of making recombinant alphavirus particles, comprising: 

(a) introducing a vector selected from the group consisting of a eukaryotic 
layered vector initiation system according to any one of claims 22 to 24, an RNA vector 
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replicon according to any one of claims 6 to 8, and a recombinant alphavirus vector particle 
according to claim 10, into a population of packaging cells according to claim 20, under 
conditions and for a time sufficient to permit production of recombinant alphavirus particles; 
and 

(b) harvesting recombinant alphavirus particles. 

31. A method of making a selected protein, comprising: 

(a) introducing a vector which encodes a selected heterologous protein, 
and v^'hich is selected from the group consisting of a eukaryotic layered vector initiation 
system according to any on of claims 22 to 24, an alphavirus RNA vector replicon according 
to any one of claims 6 to 8, and a recombinant alphavirus vector particle according to 
claim 10, into a population of packaging cells according to claim 20, under conditions and for 
a time sufficient to permit production or said selected protein; and 

(b) harvesting protein produced by the packaging cells. 

32. A method of making a selected protein, comprising introducing a 
eukaryotic layered vector initiation system according to any one of claims 22 to 24 into a host 
cell, under conditions and for sufficient to permit expression of said selected protein. 

33. A host cell line which contains an alphavirus RNA vector replicon 
according to any one of claims 6 to 8. 



SUBSTITUTE SHEET (RULE 25) 



wo 99/18226 



1 / 63 



PCT/US98/21062 



SINDBIS GENOME ORGANIZATION AND fiEPUCATON 37RAIEGr 

m7G -f 




^ t! f- (A) 



TRANSUTION OF 
NONSTRUCTURAL 
PROTEINS 




PACKAGING INTO FRCGcNY 
OR S£-!NITlArt CYCLE 



iv7g 



5' NEGATIVE 
. STRAND 



(A). 



TRANSLATION j." 
STRUCTURAL ?RC~:N; 



(A). 



1 



o 



FJg, 1 



wo 99/18226 



2 / 63 



PCT/US98/21062 




wo 99/18226 



3 / 63 



PCT/US98/21062 




Zs^Ol *uo!}Djodjoou! 3U!P!jn.[H£] 



AVO 99/18226 



4 / 63 



PCT/US98/21062 




IOUO|0[ 0| 3A!|D(3J 'SISSUIUAS VNM 



wo 99/18226 



PCT/US98/21062 



5 / 63 




wo 99/18226 PCT/US98/21062 

6/63 



1 020 
1080 
1140 
IcCO 



¥-SL^r-r '-^"GAATCA AACAGCCGAC CAATCGCACT ACCATCCAA <;n 

iL'^SJ??'- J^^C GTAGACGTAG ACCCCCAGAG TCCGTTTGTC 0 .^AACtSa -20 

Jt5--J?-:; ?G«'^G7AG CACAGCAGG? CACTCCAAAT GACCATGC-A [tn 

^l^^rr^^-t?- '^'^''^^ ctggccagta aactaatcga gctggaggtt cc-accacag 

JJJJJS::^: agtccagaag acccggaccg catgatgaaa tacgccagta S 

??rrf^rr?- A???Slrr JJ^J^-^AA ACAAGAACT7 GCATGAGAAG ATTAAGGA C i 

paJSJ??? CCGGATGCTG AAACACCATC GCTCTGCTTT CACAACGATG 80 

JIJr?I-r?J gaatattccg TCATGCAGGA CGTGTATATC AACGCTCCCG iO 

C?ACrCA n A?r? r^r ?r'S¥5^? ;S.CGGACCCT GTACTGGATT GGCTTCGACA. Q 

rrSJ^lI A?S;?? ^Ht^^"-^^ GTTCGTACC: TGCGTACAAC ACCAACTGGG ■ 660 
SA^^Anf- S'-r-?^ C'^C^CAAAG CTGA6TGAAG 

jJ^^^J^JCo AAAAMG.CU ATAA.G G A AGAAGGAGTT GAAGCCCGGG TCGCGGGTTT go 

tLll^^l^::il ' ^A.CCAG AACACAGAGC CAGC'TGCAG AGCTGGCATC sln 

AA7GGAAAGC AGTCGTAC.-C TTGCCGCTGT GATACAGTGG 900 

^ i:^ StLt^l''^ ^'GAAGAAAA TCACCATCAG TCCCGGGA7C ACGGGAGAA 60 
?T?-u'^;- :r':"r----t ^^-^-^'^CCG AGGGCTTC-: GCTA7GCAAA G7-AC7GAC.A 
^^i^ : ^yiSr'o 7G7GCAC:7A CA7C::GGCC AC:A7A7GCG 
--5:!:^^^ ^l^Lt ■'^'CACC-GA :GA7GCACAA AAAC77C-GG 
-t^'l'itt- -!'^"'='"C3 G7AGGAC^a; CAGGAi^CAC: AACACCA-:c 

-gJ ".-A t-'^^*-^':^^ ^"'•'^'^^^"-^ "^^'"^ '^---"^CG icso 

iJ^^^Sf: A.uu;ucu7A .:7AGAGAACG CAAGC7;ACG 7A-GGC7GC- P£0 

zI^^cCa:: cg7---a-:g cc:ac:7gga acgcagac:- so 
±:^' "r:^- ' "CCCA-G7: g7c:g7a7gg acgac:7c-- 
Irb:^!:^-^'^ AA.Ai,GAAAC TGGCA77GCA accaaagaag gaggaaaaac 
^"^^^'ca-gg aggccaaggc 7GC--T-GAG ga-gc-cagg 

AG C7C:GAGAAG CACHCCAC: A77AG7GGCA GACAAAGG A 16cO 

^AWT^'i L'r?5¥^'- ccaggcggac a7cggagcag i63G 

f^rr^rir?^ rl-r^^'-r-''^ 5":^?'-"^^ GGA7AA7A.C: 7CAAGCAAA- GACCG7AiGA 1740 

iS^JEJSIJ IJlJiillJ S JCGuCAAAC7 CIG7AC7GAA GAA7GCCAAA CxT-CACCAG 1800 

Sj?^r -An Jr?fA?-rAr JJ^^^^^; TGCCAGCAGG AGG7GCCG7A CCA7GGCCAG 1920 

Ar'-TAr^A^ rf-5?Ir-" J-i^):^"'''- ^CGCCAAGAA TACAGAAGAG GAGCAG7ACA 2Ci0 

AGuHACAAA GGlAGAGu. GCAGAAACAG AG7ACG7G-- 7GACG7GGAC AAGAAGC'" 2' CO 

5 '-- J^''^^^^ ^CC7C7CGGG AGAic7GA A C JcT i 0 

r?-'S'Arl T^^lrlf^-''-^-'^ GCAAG7CAG: TA77A7CAAG TCAAC7G7CA 22S0 

rAr--'-^-- ^^'''''^^ G-^CGCCGACG 23^0 

TGL.AAGACi GAGuuuiArj CAGA77ACG7 CGAAGACAG" AGA7-D'"-GTi A7''^CTriAr': Pirn 

CA^Acrr V?^''' ''"^'^ '^^^ 

CAC.ACmll C.iGATiul. A.CG7CAGGC CCCGCAAGAA GG7AG7AC7A "GCGGAGAC: 2520 
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CCATGWATG CGGATTCTTC AACATGATGC AAC7AAAGG7 ACAi'TrAAi rAr— 
AAGACATATG CACCAAGACA TTCTACAAGT g^TtS -r-ir"? 

CAGCTATTG7 ATCGACACTG CATTACGATG GAAA^ATGAA AACo-cliAr --r-?Io '^"^^ 
AGAACATTGA AAiCGATATT ACAGGGGCCA CAAAr--'ir r-.'rP^iiC^? -^o.GlAAGA 2700 
rATrTTTrr- , "^-"""Uu^l''^ triAALtwuAA GuuAGljuuAi AiCATCCTnA jtco 

agagca-k: actmc: ac a .'r™ ~- i^JJ -'^ii-^fl^ ! I 3300 

sis^i; ??c?g3 ssj^l ^ §i« sp- ^lis 

AATGGATCGC CC:GA7-GGC A7AGC-G?" 'aga-' ^g" ^r^- t^:^ ^^^^ 

irlF'-r^ TCA'CAACA" -GGAAC^AAA TACAGAAA^ 378G 
ACoAC!i:CA GcAGiUL^-AA GACCATGC^G '^';AG^-T^.^.^ n- f;^^^ 

IS^llI SSP^ I^^^^-^'^ "-^^ciAC SgSS o§ 

Sg? ??^Afe^ I-PI }^ ^tS^ 

G7ACAC -GCA Ai-cAc-c:: :ac:a7C7ga ArGC"^A- -t?^^-- ^':--:?:^:r 

CAAGAGA-GG AG77GGAG:: GCGC:G7CA; AC.-vTf-.; AAr-T-- i--:--::^'- '^^^r 

GiCAAGAGGA AGCAG77G" AaScIg:^^ A7--:--r-- -^'Tr'S- :' 
-.-^P--„ r-A-,!!^-I ^«t-0LnLLvri Ai'w^ctiGuu iAGACCAGGC GAiG"AG"'" 4?rn 
Qi-v-GiGcCAi CiAiAAACG7 TGGCCGAC'A ru771^rrr\ -VrV^^bl"' 

CCGCAAGAA7 GACTG7G7GC C AC-Sa^A aIg GaI^'a il^^ r'v - - ' '''^ 
GGAAGCACCC AGAAGCAGiA GCC-JGaS? TGCtJcwJ ^'Ir-r-'': 
ACTTAGTAAA TGAACATAAC A7CAAG7CTi ^fi^ ^fJi^it^' 
ACGCAGCCGG AAAAGACCGC CiTGAA 7a? CAc"-^ ' 'r- a'c V - ^^r. 

^ s ?s ii iii Hi 

TGGCGGAGAT AAAn."r— ■- T7rr"-\y-- T^:.:. ' ,-«--nnGCA -uAAAAGACA 4/40 

TCCACAG ^ ?S ^J^Ji^ So? SP^^ S^S^i?^^ 

CTAAGCACAA AA77AAGAA- G77CAGAAGG 77CAG"CAC GiAAG-AG-C cferAA'C 504^ 

fi£. 6B 
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C-SS? A^r— Ir 'S^' ■^^■'^f^^^'^GA AGTGCCAGAA CAGCCTACCG smn 

aGiSc Stg g1 aSSS ^^^^^^'^^ 

GCTCACTTTT i TCGAGCTTT AGCGGAfc^G ACAaPt-a"? -r^-^-SJ AGTAGCGAAG 5520 
CGTCAGGACC TAGTTCACTA GAGATAGTAG ArrLf^- r^~r^-r^l^r '^CAGTTGGT 52S0 

= si i i ™ ™ lig 

s= S S iPni^ - 
fiss ~ «s ^ 

^ !^ ii? is m Si - 

ATCAGATTAC TGACGAGT^r G^:G^--^r- ---J-'V-!:: ':;:p::r5 ^^'^ClA,., ; 6ISG 
TGGATACTGC AAC-T-r-- i^.-----;:;:: l^^'-^'^^^ AGAC^ccACA GTCGCC^GC: 62^0 

GAcr-i' -agaagtta cccgaaaaaa catgagtata 5^00 

GhC^^u-GAn ih.llulAc. UoGui-CCa: CAGCGAT^Ci ^^AAC^C'C^A ^AA'^-^-'^- 

iCAi iGCCGC AAC7AAAAGA 'iAT-GCAAf- Trlpv n- --^"r- ^-^'^ 

ACTCAGCGAc ATTCAATG-: GAAT^-'c AA -A"- T-^-^'-J;.' '-^J^:^^:^'^ ^''='3 

Si 11^:: ig m m i 

G?S;fr~ ^11^ '"^"^ ml 

ss sss ssii S l^i ™ - 

^ ^ ^ ^ ^ =««*T^ ]^ 
n sc. , C , C.TAC : G.U- I , G* GAAC . . TTGCCCACAG MAAAGACCA TTKAACCCA ■%!> 
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SS 76c0 

GCCCCTTCCC GgSES S^SfS 'J-r^Yr ^IH^'^^ ^'^^^^ ^ 80 

TGCCTGCCCG CAACGGGCTG GCTtS ^ArS5 JSSJ?"^ GCGGCCCCGA 7740 

TAGTCATTGG ACAGOACT SaCCTM cSffJfJ a^SSSF ^'^'^'^^CCC 7800 

AGAAGCAGGC GCCCAAGCAA StcIZt ACGCCCGCCA CCGCGCCAGA 7860 

AGAAGCAACC GcSaaS AaJcS Jrt'5???S J????^'^'^ ^^^GAAGA ' 7 20 

CCGACAGATT GTtSc '^^'^'^^^^^ AGAG/S.CAGCG CATGGCACTT AAGTTuuAGG 7980 
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ATiGACGGCG TAG7ACACAC TATTGAATCA AACAGCCGAC CAATTGCACT ACCATCACAA An 

TGGAGAAGCC AGTAG7AAAC GTAGACGTAG ACCCCCAGAG TCCGTTTGTC GTGCAACTGC '20 

AAAAAAGCii CCCGCAATTT GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGCTA '80 

Jl^S^JiSE JI'I'CSCAT C7GGCCAGTA AACTAATCGA GCTGGAGuTT CCTACCACAG Pdn 

CGACuATCi I GuACAIAGGC AGCGCACCGG CTCGTAGAAT GTTTTCCGAG CACCAGTATC 300 

ATTGiGiCTG CCCCATGCG7 AGTCCAGAAG ACCCGGACCG CA7GA7GAAA 7ACuCCAG7A 360 

JJSIS"?^ AAAAGCG7GC AAGA7iACAA ACAAGAAC77 GCA7GAGAAG A77AAGGAiC 420 

J^IS'^^*'^^ CCGGA7GC7G AAACACCA7C GC7C7GC77T CACAACGA7G 480 

nACC7GCAA CATGLG7GCC GAA7A77CCG 7CA7GCAGGA CGTG7A7A7C AACGC7CCCG 540 

GAAC7A7C7A 7CA7CAGGCT ATGAAAGGCG TGCGGACCC7 G7AC76GAT7 GGCi7CGACA 600 

CCACCCAG77 CATG77CTCG GC7A7GGCAG Gi 7CG7ACCC 7GCG7ACAAC ACCAAC7GGG • 660 

UUACGAGAA AGICC77GAA GCGCG7AACA TCGGAC77iG CAGCACAAAG C7GAG7GAAG 720 

GTAGGACAGu AAAA7 7 G7Cu A7AA7GAGGA AGAAGGAG7i GAAGCCCGGG iCGCGGGT77 780 

^GGA7CGACA CT7TAiC:aG AACACAGAGC CAGCT7GCAG AGCTGGCA7C 3^0 

7iCtAiLui;i UiiCoAC.iG AA7GGAAAGC AGTCGTACAC 77GC::CTGT GATACAG'GG 900 

^5J5^iS-'f SSI--?!'} 27GAAGAAAA 7CAC:A7CAG iCCCGGGAiC ACGGGAGAAA 960 

1G20 
1G80 



CCGiGuGAiA CGCGG7TACA CACAA7AGCG AGGGCT'CTT GC7ATGCAAA G7'AC7GACA 
CAG7AAAAGG AGAACGGG7A iCG7TC::TG 7G7GCACGTA CA7C::GGC: ACCATAiGCG ,v.«u 

i??:::"':!^ gc:ac:ga7a 7a7cac::ga cgatgcacaa aaac::c7gg \\4q 



7iouv:LiCAA CCAGCGAATT G7CAT7AACG G7AGGAC-AA CAGGAACACC AACACCATGC 

AAAAi:AC:i iCiGC:GA7C A7AGCACAAG GG7TCAGCAA AiGGGCTAAG GAGCGCAAGG '260 

A7GAii,iH:A iAACGAGAAA A7G:TGGGTA CTAGAGAACG CAAGCTTACG 7ATGGC7GC7 '320 

iGiGuulGi: iCGCACTAAG AAAGTACA7: :G77-TA7CG CCCACCTGGA ACGCAGAC" 1380 

Gl^iAAAAG. C^-AGuCiC: 777AGCGCT: 7-C::A7G7: G7C:GiA7GG ACGACC7C:T U40 

iGt-i-AiGiC GuiGAGGCAG AAA7TGAAAC 7GGCA:-GCA ACCAAAGAAG GAGGAAAAAC -500 

iGv-iLlACu: -^CGcAGuAA T-AG7CA7GG AGGCCAAGGC TGCT— GAG GA7GCTCAGG 1:60 

J^r'^J^^''^ ^^^'''^^^■^^ C7c:gagaag cacttccac: a77ag7ggca gacaaaggca i620 

TCuAGj..;;AGc CGCAGAAG77 G7C7GCGAAG 7GGAGGGGC7 CCAGGCGGAC A7CGGAGCAG 1680 

CAi7AGiiGA AACCCCGCGC GG7CACG7AA GGAiAA7AC: 7CAAGCAAA7 GACCG7A7GA 1740 

IJS^JJ^S^^ 7A7CG77GiC 7CGCCAAAC7 C7G7GCiGAA GAA7GCCAAA C7CGCACCAG 1800 

CGCACCCGC! AGCAGA7CAG GiTAAGAiCA 7AACACAC7C CGGAAGA7CA GGAAGG7ACG I860 

'r^iflS?^!: '^^ACGACGCi AAAG7ACIGA 7GClAGCAGG AGG7GCCG7A CCA7GGCI:aG 1920 

AAi7C>,,AGl ACiGAGiGAG AGCGCCACG7 7AG7G7ACAA CGAAAGAGAG 777G7GAAC: 1980 

GCAAACJA7A CCACA77GC: A7GCA7GGCC CCGCCAAGAA 7ACAGAAGAG GAGCAG7ACA 2040 

AGuHACAAA uuCAGAGC7i GCAGAAACAG AG7ACG7G77 TGACG7GGAC AAGAAGCG77 2100 

GCuiTAAGAA GGAAGAAGCC 7CAGG7C7GG 7CC7C7CGGG AGAAC7GACC AAC::7CCCi 2' 60 

^GC7C7GGAG GGAC7GAAGA CCCGACCiGC GG7CCCG7AC AAGG7CGAAA 2220 

CAAiAGuAGi GAiAGGCACA :CGGGG7CGG GCAAG7CAGC 7A7iAiCAAG 7CAAC7G-CA 2=SC 

CGGlACuAGA iCiiGiiAC: AGCGGAAAGA AAGAAAA77G iCGCGAAA77 GAGGC'-AC- ?3'i''' 

TGC7AAGAC7 GAGGGG7A7G CAGA7TACG7 CGAAGACAG7 AGA77CGGi7 AiGCTCAACG ='4CC 

t^^'.^^''^ G7GC7GiACG 7iGACGAAG.: G77CGCG7GC CACGCAGGAG 2460 

CAC.AC.7Gl iGA, ii:C7 A7CG7CAGGC CCCGCAAGAA GG7AG7AC7A 7GCGGAGAC: 2520 
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S gSIS ??S S5 ??F^AAA a58o 

CAGCTATTGT ATCGACACTG CA TACGAli GAA CA^GAA t^f^tlr ^640 

AGAACATTGA AATCGATATT ACAGGGGrA Sr^^l r-^,^^?- C.o.GCAAGA 2700 

CAiGTTTCCG CGGGTGGG7T AAGCAa? S AAA C^^'a Jr^-'lryr r^^' ^760 

CAGCCGCGGC CTCACAAGGG CTAACWGAi AAGGA^^flJ -r-'r-?^- GAAG.AATGA 5820 

atgaaaaccc actgtacgcg atcacScag I^ctcIa ^aaaaagtca asso 

AGGACAGGCT AGTGTGGAA^ ACrTTGrAr- ^rrtrrr^-r H^' '^'^ ^CCCGCACTG 2940 

TACCTAAAGG AAAcSg GC^A a AG S S-'a S '''''''''' 3005 

TTKTGCAAT AAACAGCCCC ACTCCC^TG CrS™ r^r-^^^Jr '^'^'^^^GAATAA 3060 

GCTGGGCGAA AGCATTGGAA CCGATAciAG rt-rr-^^- '^'^^^'^CGTIT. 3120 

AGTGGAGCGA ACTGTTCCCA SSt' A^S.'^i^ [JlE^"*^^' '^CCGGTTGCC -3130 

TAGACGTAAr TTGCA TAAG UTUr"-, rr^^fr-'t^S '^^^^^^ AiTTACGCCT 3240 

AGAGCATCCC Acf^AC™ S A T AGr '^'^ 

ACAGCCCAGG AACCCGCAAG TA7GGGTACG ^ r?--.- ' '^^'^''^C-^ 3360 
GATTTCCGGT GTTCCAGCTA GCTGG ACG ^ AC S^' 'i^' 

CCAGAGTTA- CTCTGCACAG CATAAriGG -r-'---A; AC.*.uuAGAA 3460 

tagtccccga gtacaaggag tSi- C"cacgc:: 3540 

AACACCACTC AGTACT7G-G GtScSaI.^ t^Ti^^ r::?:.:::.^ f F'^GTTCA . 36G0 

AAiGGATCGC CC CGA7TGGC A7AGcS C S-I^gS -^C^^"' ^^^^ 

tiC;.l.c:gca GGCACGG7AC GAc:7GG-G- -cA7r^n- 

ACCAC77;CA GCAG7GCGAA GACCA Gc'g ^^l^ I-' ^^l^i^^^^ 3780 

TGAAi7GC:7 TAACCCAGG^ GGcIc'---r- ^w^^ I-T::-.:^-^ --^.CGGC:: 38i0 

ACAG7GAGGA :G7AGfcfe ^S^i^t i:;:::::::^ ^^^^accgca 3900 

CAGAT7G7G7 C7CAAGCAA7 ACAG^aS^" #^1--- ':^[:^:[ ^f^^^^ 3960 

g7acac:gca A-TCAcr-^ .-ic----n l-acaacagc: icao 

CAAGAGA7GG AG77GGAGr nr^-r^ 2r^r^^ -^^-^."Q lA'^^^ .ron 

gtcaagagga AG g 7g c S5 5^g:-. at^--^^- -SS^''" 
gccgtg:ca7 Ci ataaacg rcGc.-Ar' '^fi^ 

CCGCAAGAA7 GACTG7G7GC C^AKaIaw A^gIS I^^'-^ ^ 

GGAAGCACCC AGAAGCAGAA GC-'tS Tr^'S? -i^^rif''::^"!: '--'CATTiCC 4320 

ACT1AG7AAA TGAACA7AAC "^-^i ^'"^^^"^ ^380 

ACGCAGCCGG AAAAGAC-T r^-i-AAr- - rir-- ' = i A , CT ACAGGCATT7 uaq 

GAACTCACGC aaC AK A 'Gr F I" S 15 --^^^ACA .500 

CGGCAC7CCA AC7TAAGGAG 'c-G^iArT ^^^^ ^^^uAAGGAA AGAA7CGACG 4560 

ATGAGTl-AGi A7GGA7CrA7 ZcZr^r" --r-'^^-^ .GAAGATA7G GAGA7CGAC3 4620 

CAAAAGGAAA A7?G7A?-: AcI a^G ScacS^^^ ^^i^ IpC'-^C7A 4630 

TGGCGGAGAT AAAGGiCC7G 7Tr-TAAT. ^fi^[r GCAAAAGACA 4740 

ACA7A77GGG 7GAGAC:ArG A C-C A " fe^A IZil^f^ C:G7G7GC:7 4800 

CGlCTAGCC: GCCCAAAACG 77GC-G7GC- ^T^--'^^ ^^^^ CA,AAC:c:^ 4860 

7CCACAGAC7 TAGAAGCAA7 AACGTC aaG lli^ftr ^"^^^ "'^^ 

CTAAGCACAA AA77AAGAA7 G77CA^AAGG ^^1^ ^ 
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S^SSIJ AGTACATAGA AG7GCCAGAA CAGCCTACCG ^100 

LlLL,C-iGu ACAGull;jAG uAGuCCCCCG AAG7TGTAGC GAC^^C^uCA cr^rrrAnr c 

?™l CTCAcwcA tctwtgS JAfaa? " ki^^ l^. 

ULiCAC;iii iTCGAGCTTT AGCnHATrnn iriAcrr-AT TAr-^r-ATr ^T^."-™ ^^rO 



rinf-l;' S-'S^I r'??^''^^'^ '^cfAGTAT aS as 

SiilJSlfJJr TAGiTCAC.A GAGATAGTAG ACCGAAGGCA GGTGGTGGTG GCTGACGTTC Ita 

CAGloulAAG AAAAGAGCCC ACTCCACCGG CAAGCAATAG CTCTGAGTC: CTrrArrlrT ^Aci 
CTTTTGGTGG GGTATCCATG TCCCTCGGAT CAATT7TCGA CGGAGAGACG Irr^rlrr 

r'^G^Ar^^^^^^^^ '^''^ ™ ^CG n ;1 

?A??A-nrJ ArrJr^S;? JI?^^'^^"^ GAGTAAC7GA GTCCGAACCC GTCCTGTT7& . 5640 

f^n, ^-^,. rr^r^'^- GiGAACTCAA TTATATCGTC CCGATGAGCC GTATCTTTTC 5700 

^An-,---?A rvS-"-- ^^^^^^'^'^"^ GCAGGAGGAC TGAATACTGA CTAACCGGGG 5760 

^JPCACAG GCCCTGGGCA CTTGCAAAAG AAG^CCGTTC ?8cO 

i_AC GAA CCGACCTTGG AGCGC.AATGT CCTGGAAAGA a:":; G c: 4n 



z^i::Lt:^ ac.ctgccac agatcagcca gaa-gctata 6C6o 
ifre!::^:: ;;;^"^C:.ca gtagcgtac: ggc:-aac74C 7cc:atccac sp^ 

•''5!;!r-l::'^: ^^t. u.. .i aacaac'^": iGCA7GAGAA CTA-r-nArA .vinrirPV- . 2X 



ATr^ra— ^r VAr-^r-t- -7.-C--\:: --A.^.^ACA j AGCATCTT 6180 

.r.C lUACoAG.At. jAiLl.:AC: TGGAT^-G"' ^GAC-GrAfA ■'■,Tr-r7r-r ?i,n 



.uuA...^:uL AACoi.l.cu ::::C AAGC TTAGAAG"^ T^^AAAAAA •-^^--AnTA-^ c-rr 

■^/iU..vw-jAA iA.l1.jlAc: jlwLi.lGAT CAGCGAT": .tAACAC^.'^'A r^A^^r^— - /--^n 

iLAMCL.ct AACiAAAAGA AA7.GCAACG TCACGCAG-' GC'7-AAC" r'lir^rr:- cl-n 

■^GgS---'- -r^fi^: A7G7AA7GAC GAG:A77GGG 6480 

.Gu^G : . ..t : ..UAAG..A A i , AGuA . . A CCACTGAG" ^G^CACCGCA -A-:7AGC^a 65.n 



Aj.Ar:^r ':t»-\a-— - — a---^ '^'^'^ 

• . wn i ; Ul CClU 

/■ ^ /■ '^ 



i^ACuAAAGG ::::aaggc: gccgcaca- . 

AAGAAG7GC: 7A7GGA7AGA -7CG7CA:GG ACATGA^aa.^ Ig^C "GAAA ^"'C^r^ 

GCACGAAACA CACAGAAGAA ^GACCGAAAG 7ACaSg7G^- ACAAC-C'^-a c"A-"r-Tr a"' 

CGACiGC77A C77A7GCGGG A77CACCGGG AATiAG7GC-^ 7AGGC77ACG G^^Snn A-pn 

iicACnCAA gSa^- v CCGCGGAGGA 7777GA7GCA A-CA7AGCAG 6840 

AAGAC-^ir-^ ?Atffc--A bn'ilt^rl^'' AGACGGA7A7 CGCA7CA77C GACAAAAGCC 69C0 

r?-S--'V -^S: ^'^"^ TGATCT7GGA GGAC:7GGG7 G7GGA7CAAC 560 

CAC.nCiLuA CiiGAituAG .GlGCC777G GAGAAA7A-: A7r-AC''^i: .--Ar-TAr-- -r-n 
G7AC7CG7I7 7AAA7iCGGG GCGA7GATGA Aa'c^'gaa" ----pfe" 

?A?G-rI? f-S?!^ ^^^^^^^^^^ '^;gcg ^^^^ ^ 

GAiuiOcAGc GiiCATiGc. GACGACAACA iCA7ACA7GG AGT^G7A7C- GACAAAGAAA 7?rn 

iGot;uAGAG G7GCGCCAC: 7GGCTCAACA TGGAGG7-I^ GA7CA7C-^AC ^ciciT^r- 7-0 

'^7GAGAGAC" Ar"TTArr-r ^rn ^- ' '-'^ 1 L>-''^L UtALiCAiCj 7c£0 

« - ^-i- J^SJ??^ ^"'^ c^K -T c 

^Ifil^i li^KAGTK CC3T5AC3AC CtJCTATGAC GTAGACMTA "ScS 

I .ACACC, .C.AC,6,U , uACAAC.. T7CC::aGAC CAAAAGAGCA TTCCAAGCCA 7:60 
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JJ-SSSS ^'^GTACACAC TATTGAA7CA AACAGCCGAC CAATTGCACT AC^ATCACAA o 

Jtl^4 r^r^.tt^- ^'^CGTAG ACCCCCAGAG TCCGTT7GTC G CAACTGC .S 

^^^ttfjl ^ffGLAA, M GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGrA gO 

-^^Jl'CJlriT TGGCCAGTA AACTAATCGA GCTGGAGGTT CC Sc ACAG ^° 
CGACoAiCii GoACAiAGoc AGCGCACCGG CTCGTAGAAi GTTTTCCGAG CiC~AniA7r 

A^'c G-^ AAAifr'SI I'Jl^''' '^^^-^^^2 

^trrr'ir'^t JJJ^GCGiou AAGAHACAA ACAAGAAC^T GCATGAGAAG ATTAAGGATC 
C^Gr' r^r SSJSS 'r''''''''' '''''''''' 

rrArrrlr^? rlrlr-^-rr JIS'^J^^^ulG TGCGGACCCT GTACTGGATT GGCTTCGACA 
r4^rrfrll l^-rlr-r?. GTTCGTACCC TGCGTACAAC ACCAACTGGG ' 

riAfSr JaIa^tV^:^^ GCGCGTAACA TCGGACTTTG CAGCACAAAG ctgagtgaag 

GTAGGACAGG AAAA.TG,CG ATAATGAGGA AGAAGGAGTT GAAGCCCGGG TCGCCGGTT- 780 

1 : 'V^^G! AGu i -ACA 7 TATCCAG AACACAGAGC CAGC^GCAG AGC:GGCA7C p'o 

I ,L .,C^u, u. ;UAC u AAiGGAAAGC AG7C:TACAC iTGC:GC"- "A-iCAG-- cm 

f^^l:^ J^. .ACGTA G7GAAGAAAA iCAC:A7CAG rCCCGGGA'C ACGGgJgaAA %0 

CAG.Ar.AAGu AGAACol-u;A iCGTTCCCTG 7G7GCACG-^ r^^r-r-r- 



240 
300 
360 
420 
480 
540 
600 
660 
730 
780 



1 020 
1060 

CCAGCGAA- GTCA77IACG G^rAA S^ScACC SAciA7GC \^ 
■ E?^^«^ ^"KC-CTAAG GAGCGCAAGG l^c.? 



1380 
14 JO 
ISCO 



ei^^it. iuA ,AAC.AGAAA A7GCTGGG7A CTAGAGAACG CAAGCrACG TA7GG TGC" i'io 

r^^-r-"'" ^^""-'^ -^CGCA AC r !;o2 

.-AGCGc:- -tc::a7g-c g7c:g7a-3g ac:ac:7C7- 
l):!:::::^!^ r!::^^;:::?^ -^aauGaaac -ggca77g:a ac:aaagaag gaggaaaaac 

-rr?r-lP- -^-Tr':':'-- •:ac;7c:ac: a77ag7ggca gacaaaggca i6cO 

iCGAcolAGl lulAGAAG;. U7C7GCGAAG ^GGAGGGG" Cr^QuiGu^L i".-.-ir-vr \cro 

jrr'rilru TAVrT-r-- Tr^S^^'^:- '^••^'AA7AC: 7CAAGCAAA7 GAC:G7A7GA 1740 

^ Si fIS 

S Ssg 5^^^^^^^ ^^^^^^^^^^ '^'^'^^^'^ I' 

GCAAAC A7A rflri-r- J^r^i---:" l^JlF''^''^ CGAAAGAGAG T7^G7GAAC: 1980 

l^Tlrtl r'^^r'J-- ^r'^r^!^):'-' ^^^^^^^AGAA 7ACAGAAGAG GAGCAG7ACA 204C 

AGumACAAA GulAGAGc. : GCAGAAACAG AG7AC5i GT" 7GACG7GGAC AAr.AAG:n7- ?inn 

pIa- ?-r- rl-\r-it. SSJEP'^CA C:CGACC7GC GG7CC:G7AC AAGG7CGAAA 22=0 

c11-a1 GA ?T "^2 S^J!^? ^^'"^^"^ ^'^"•^■C-^'^G TCAAC7G7CA 2230 

UclACcAGA iCiiui.'AC. AGCGGAAAGA AAGAAAA77G TCGCGAAA" GAGrrrr^Ar- p-jin 

TG 7AAGAC7 GAGGGG7A7G CAGATTACGT CGAAGACAGT gJ G" C c"a^ 24 ^ 

' ^ _^^C:=7AGAA G7GC7G7ACG 7TGACGAAGC G77CGCG7GC cic cSg G 4 

CAC inC , , uL C I i L-A H . A7CG7CAGGC CCCGCAAGAA GG7AG7AC7A i GCGGAGACC 2520 
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CCATGCAATG CGGATTCTTC AACATGATGC AACTAAAGGT ACATTTCAAt CAr^GAAA P^Rn 

™n ^rrl^^- ' ^ ' ^ '^-^ 6. 

ACAGuGGCCA CAAAGCCGAA GCCAGGGGAT ATCAFCCTGA 2760 

^rtr^Srir'"- SSrw-- J^^^^^J ' '^^i^ "AATCGACTA TCCCGGACAT GAAGTAATGA 2820 

aJpaaSS S'?-J?r-- JlJ'^CC'^GAA AAGGAGTG7A TGCCGTCCGG CAAAAAGTCA 2860 

Jr-J?5??5f AiCACATCAG AGCATGTGAA CGTGTTGCTC ACCCGCACTG 2940 

rlr^'l^r S-??? ^i?'^^^^ GCGACCCATG GAT7AAGCAG CCCACTAACA 3000 

TACC.AAAGG AAACTmCAG GuACiATAG AGGACTGGGA AGCTGAACAC AAGGGAATAA 3060 

n'lr-rSi l^^jch CCAATCCG7T CAGC7GCAAG ACCAACG777 3120 

^I'^'i't^^^, JS5?!SS^ CCGA.AC7AG CCACGGCCGG 7ATCG7AC77 ACCGG77GCC 3180 

ur^n^^T S 5S ^''^^^'^'^^^ '^CA7TCGGCC A777ACGCC7 3 0 

r- ISr-^ TGGAC7TGAC AAGCGGAC7G 77TTC7AAAC 3300 

^tr-S- aa;'--- ? -^r^'^ ^''CAGCGAG GC:GG7AGCT CATTGGGACA 3360 

-t!^^^^ a7cacgc:a7 7gccgc:gaa c-::::cg7a 3^2? 

r^IrlrlAl ^rl^'i ^i^^ GCACACAAC7 7GA7T7GCAG ACGGGGAGAA 348C 

f ' .^^J:':^;^-^ ;:;^''CC7gg 7cccgg7gaa ccgcaa7C77 c:-:acgc:7 354c 

l;^f^z ffGuf^c-G gc::gg7caa aaaa7-c-7g aac:ag77ca 36go 

J':^:?;:^^;^ JJ:^::if:,- ^'I'^'^-GAGG aaaaaattga agctc:::gt aagagaatcg 366c 

^rilriiliii^^ caga7aagaa :tacaac:-g gc-"c ggg7 3720 

'i;':^^::::^ ^ca-caaca7 tggaac7aaa tacagaaac: 378C 

rl2 -r- i r-'ir- ?S 5 ^^^'^C:77AAA AACCC-TCG CG'-GGC:: 38^0 

lit^-t^^: ;ClAC.C.CG ;GGiGA.AG7C C7AiGGC-AC GCCGACCGCA 39C0 

2C.c-7gc:a gaaag7:-g7 caggg-G7ct gcagcgagac 3960 
ff^e;;?:!:: :^ J'!:-::, 5;^gaaa7G7 ac:7ga777- CCGACAAC7A gacaacagc: 

r-r r.-r- Ir^^ ^S^^^ '''^^^^ "C-C:G7G 7a:gaGGG7A 

-^<or-A t'-x'r^'CAr ac:gcac:aa aagggagaat a:":-gac: 

ft:::^^ r^i-5:;j::: a7ccgc-ggg 7agac:aggc gaaggag7C7 ,cuu 

r^'-iAfiJ; fAr--¥-r^ ;^uL..ACCA G7!77AC:GA 7-CAGC:aCG GAGACAGGCA 4260 

r}T/r^lrrr S^?;^': '^l^'^^ AAG7GA7CCA CGCGG7CGGC CC7GA777CC 4320 

AP-TArJAAi GcC7iGAAA7 -Gl-ACAAAA CGCC7AC:a7 GCAG7GGCAG 4380 

f'lflt'. l^^Z'ltt^, A3CAAGiC7G 7CGCCAT7CC AC7GC7ATC7 ACAGGCA777- 4440 

rllrrri'' r-^^-^Xr'^ ^il^'^^ CAC77AAC7G C7TGACAAC: GCGCTAGACA 4500 

■^:E:,^'Gc: -ggataagaa g7GGaaggaa agaatcgacg 4560 

CoLxnCiCuA ACnAAGL-.G iCiCAACAG AGC7GAAGGA iGAAGA7A7G GAGA'CGACG 4620 

ri^Afl^'. 5Sr-:--'-^ CCAGACAG7- GC77GAAGGG AAGAAAGGGA TTCAG7AC7A 4680 

CAAAAGuAAA AHGiAiiu iAC7,lGAAG GCACCAAA77 CCA7CAAGCA GCAAAAGACA 4740 

l^'trt^r-- Jftr";^:'- y^-^^^^ ACGAGGAAAG 7AA7GAACAA C7G7G7GCCi 4SC0 

^^^^ GCGAAAAG7G CCCGG7CGAC CA7AACCCG7 4860 
^^'ArflrZ S'rriJ-f- "^"--^'^ iT7GCA7G7A 7GCCA7GACG CCAGAAAGGG 
7C^ACAGACi TAGAAGj,AA, AACG7CAAAG AAG77ACAG7 A7GC:C:7CC AC:::CC77C 
CinACUCAA AAiiAAGAA, oiiCAGAAGG 7TCAG7GCAC GAAAGTAG7C CTG777AA7C 
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Sif '-iriil; 'i^::^^!' agtacataga agtgccagaa cagcctaccg 

rlrlfS AAGTTGTAGC GACACCGTCA CCAICTACAG 

pf^E ,7!:^-^GACA TCTCACTG6A 7ATGGATGAC AG7AGCGAAG ^"S^o 

if^lf-flj; llfii^^";,:: ^GuGGAiCGu ACAACTCTAT TACTAGTATG GACAGTTGGT 

?Ir'-rL? S;;--: CCTATTCCAC CGCCAAGGCT AAAGAAGATG GCCCGCCTGG 4oo 
CAG._GuCAAG AAAAGAG..C ACTCCACCGG CAAGCAATAG CTCTGAG7CC CTCCACC7CT ^460 
fiJrr-5S ^rrrlrr-l^ TCCC7CGGA7 CAA77T7CGA CGGAGAGACG GCCCGCCAGG 5^20 
JSS'I^^ J^EJJ^^'^CA ACAGGCCCCA CGGA7G7GCC 7ArGTC7TTC GGATCGTT77 i^O 
-^S C'^C'^^C7GA G7CCGAACCC CC cll^G 5640 

r^r?^;?^^ ?^ ^^'^'^^^''^ ^^'^^'^^CGTC CCGA7CAGCC G7A C7n c' ' 5700 

'^-rrfA S?A-5-S '^CmAGUAC 7GAA7AC7GA C7AACCGGGG 5760 

iGcAGAAClA ou, ,_ACAGAA C.UA C.-GG AGCGCAA7G7 CCTGGAAAGA A7TCA7GC:C 5880 

^^^^ 'S-ir-S '^/^^^ rcAAACTCAG g7ac:aga7g a7:c::ac:g 5=40 

^^tl^^Jlt CAG7C-CG7A AAG7AGAAAA iCAGAAAGCC ATAACCACTG sic 

. ^GACTGTATA ac7c-gc:ac aga7cagc:a GAA'GCTATA S 

^^:?:--Ei:;^ ^::!!l^:E:: g7agcg7ac: ggcgaactac 7c:ga7ccac 6ieo 

^El;;:^'::?: :E^:::^.^I aacaac.atc tgca7gagaa c:a7.::gaca g-agca7::- s 

f::2E5l!::E ;':JE:tE: E CA-ccr^c^ -GGA7A7GG- AGACGGGACA g-:gc:"c: 6^40 

S;^^!::;Ei^^^ • c> G.Gc. .::a7 cagcga7gca gaacaggc-a caaaa7g-gc 6-60 

l^:^ ?:E:^^::E-j ^^-"^^cg tcac •caga7 gcg7gaac-g ccaacac-gg s^-^o 

^1^:^ :aaaa7A7gc a7gtaa7gac gag7A7-ggg 64ic 

^GAAG^r -A^G?-'- gtataat-g g"::at-gc ScCc 

r^iP-urn r,;,r':;"«C U'r:;"'""' ^'^•^''^'^'^-G AGACGTGAAA G7-ACAC:AG 5660 

^di^ r^E^e--^: JE:C ■■^caag7ga7 acaagccgca gaacccc-gg 67cO 

n^rlSrl • T^lrlr'"- '^-JS-^'^" AA77AG7GCG 7AGGC77ACG GC.:G7C77GC 6780 

Anr4t -AAr-ilr CGGCGGAGGA TT77GA7GCA AiCA7AGCAG 6840 

JS^Ir^' ^^^^ ^^^^^ C^C^iCMK GACAAAAGCC 65C0 

f5^e^,"^f- ^ ^uCTGA 7GATC:TGGA GGAC:7GGG7 G7GGA7CAAC- 6960 

^.tl'Z^.i'^t l^-ilE;:^^ GAGAAA7A7C A7CCACC:A7 CTACC7ACGG 70£G 

l;5^lll ^i"'^' ^^'CCGGAA7 G7-C7CACA CT-7T7G7CA 7060 

f^^r-r 'r^ E^^l^i^: Jlg^^^AGCA GAG7ACiAGA AGAGCGGC" AAAACG7CCA 7^0 

Pil^ 5? GACAACA TCATACA7GG AG7AG7A7C7 GACAAAGAAA 7500 

r-SrS??5 i;'--,r--: I ^iP'^'^-^ TGGAGG7TAA GA7CA7CGAC GCAGiCATCG 7E60 

,^;J^Ef,^^i: ?E:::^E::: i!;^^'^-^'^- 7-a7C7tgca agattcgg7t ac"ccacag 73eo 

Sr-r^^TA- StJE'-^CGCG CTC7GC7AGA 7GAAACAAAG GCG7GG7i7A 74^0 

t^'^^ l!^::^ :-'GACGAC CCGG7A7GAG G7AGACAATA 75C0 

1 1 AC.-.C. 1 1: . L-.:nC. ^ulA 1 1 GAGAAl : i T7GCCCAGAG CAAAAGAGCA TTCCAAGCCA 7560 
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I^^^J^J^^ ?^I??'*S^ ' ^''CTACGGTG G7CCTAAA7A G7CAGCATAG TACATmCAT 76?n 

r G^uTr^ -^^^^^ SPJ 'IS^S^'; ^'^^^-"^^^^^ 7 

TAG7CAT7GG ACAGGCAAC7 AMCTcVac CCCCACG?^ "^^^^ ^^^I^^^St ^^OO 

AlAl'Llr'^" ^'S^^^^^^ ^llSSi SgI^ S ^ 

r^S^T- ™? 5J AAACCCGGAA AGAGACAGCG CA7GGCAC77 AAG77GGA6G l-m 

fr-fJ?-^!! rJ^L^f?!'^ AAGAACGAGG ACGGAGA7G7 CA7CGGGCAC GCAC7GGCCA 8040 

r^AA^TrT^ CC7C7GCACG iGAAAGGAAC CA7CGACCAC CC7G7GC7A7 8100 

ArJ-S? -S ACGACA7GGA G77CGCACAG T7GCCAG7CA 8 60 

^CA?^Sr- r5'r-i?-l S^^'-^?^'' '^''^'^'^'^'^C^^ ^f^^^GGA7-c TA7Ai:7 ■ 8 

PJ™?^r r!^--r?-;-^ JGiGcAGG-A GAT7TAC.A7 CCC7CGCGGA G7AGGAGGCA sl^O 

^^^ifAG^CAG CuoiCG. . A,CA7GGA7A AC7CCGG7CG GG77G7CGC5 A7AG7CC? G s'lc 

AfAP ^So-^S': E^'^'^C'GC:: 777CGG7CG7 CACCTGGAAT ag-^aaggga aacc 

^CGAu . . .aagggac;g AAGAG7GG- -CAGCACCA .^5 

WAC-- Sri?--- -'''^"'^^-^ -"-^^"-"CA tgc-atac:: asa? 

agaGu . uac_a. . agagaacgt gaacca7gag gcctacgata s sc 

ScTT-t r-r:;-: - rr^f!:)::::. -C7cgcag aagcaaaaga ag::-ca77g 864g 

■^LjhL'.>.,hL c-i'jACwAGi- AC . :G GCACATGC"" '"AC^nr^r -'-•.r--T,- 

;:• :,,l:'r!^r-- -^CCaaagcgg agcagcaagc g;aaacaaG7 8820 

Tfrfilfit ^^i:t^ rjGuA.CACA ccg77aaaga aggcac:a7g ga:gaca7ca aesc 

'^i^^ :^}:^ .H;:G^^^iC 77AGCTACAA .GGA7AC"T C'CrCGCAA ^ 
^):^ ' GCATAG7GAG TAGCAACTCA GC;;CG7CA- . 9CCC 

r^^'f^^i: AAAC.AAAA- -CG7GGGACG ggaaaaata: ga-c-ac::: 9C6C 

^[;^ l^lt^r- Er''^^"CAG ;G7AC GACCG 'CTGAAAGAA ACAACGCAG 9'^^ 

ul.aca.lAc ia.ulACaGi: ccgagaccgc acgc7:a-^c a-— 

CAGGGAAAG7 77ACGCAAAG CCGCCA7C-3 GGAAGAAC^' T^^i^ ^C^^^f-- 

™g? ?S gcaccgaaa: caSgg7^gc £^ S 

?CAGSrATri rr'Sr-^ ;Jr5 r^'SS::' CGAAG7GGG7 CT7CAAC7CA CCGGAC77GA 9360 

r^^rrjrr^ rr^r^St^'', ^^^^^^^^^ AA77GCA77i GCC7-7CAAG i7GATCCCGA 94c0 

^'^^J^lf,t'. S^lEr^lJ:'! GCCCACGCGC CGAA7G7AA- ACA7GGC"T AAACACA7Ca' 94c 

-A r' 'r r5r-r ^^S^'' '^^'^^'^ ^'^^"^'^^ ^--•^aac: 95 C 

^^^^^ AGACGG7CAG AAACTiCACC G7C:ac:GAG 9600 

r:^':':}'^^, rlr4t^': ^^rttt^^-'^ AGCCAG7GAG GG7C7ATGC: CAAGAG7CAG 9660 

CTG7G-ArAr rA r-- r'' ^^"^""C7AC CA7.::CCA7: 9750 

E:if!^i^f:^E ^^li^ GituCAiCAG ctaccg7ggc gatga7ga:t ggcgtaactg 97^0 

i=cLAGiG,i A,GiUt.:U, AAAGOGCGC: G7GAGiGC'- GAC^vAT^C '^C'-"Gr-- spl^ 

r'inr--r I^-SE:'- ^Ci7G7GC:G CG77AGG7C: GC:aA7GC7G 99CC 

t---L'J:^- ^"it^t^.-:^'^ AGi lAC-." GG7CGAACAG 7CAGCCG77C "r-;!^-- 9^0 

^l!J;!^ com a..CC GC7MCA7CG 77C7AA7GCG C7GC7GC7C: 700^0 0^50 IOC 

C. . : ; ,AG, Gui GlCTACC"G CGAAGGiAGA CGOCiACGAA CA-GCGACCA lOGSC 



Fi£- 8D 
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^''ilrl'lr.- fi'S'-S^^- t!^^^^^ AGGCAC77G7 TGAAAGGGCA GGGTAiGCCC lOMO 

^''^-trllr G.CATGTC:- CGGAGGTTTT GCCTTCCACC AACCAAGAGT 102^0 

^r-l'^^r-r^, ^^t^rtHS '^CTGTGGTC: CCTCCCC AAA AATCAAAiGC JQC:i^CZl 10250 

I^lf^^lJl^A glcggccgc: caigcagac: atacctgcaa ggtcttcgga ggggtctacc 0320 

GiicGTCGS ?-r'¥^^ GAACAGCCAG AfGAGIGAGu- 0 

^^'rr^rrlr rlllr-f-A ^ll^^ CTGACCACGC GCAGGCGATT AAGGTGCACA 10440 

?r?irrjrA rrrfrT^. rl^r""- ' ' ' ™GGGAA CACTACCAGT TTCCTAGATG 10500 

IJIJJGTGAA CMAGTCACA CCAGGAACGT CTAAA6ACTT GAAAGTCATA GCTGGACCAA 10560 

IIJJAGCA.C GmTACGcCA i .CGATCA7A AGGTCG77A1 CCA7CGCGGC C7GG7GiACA 10620 
SS?; 1 GGAGCGA7GA AACCAGGAGC GTTTGGAGAC A77CAAGC7A ' ' 10630 

rZZlrr- It^^rtt^^ C'CAiCGCCA GCACAGACA7 7AGGC7AC7C AAGCCiTCCG 10740 



55^515^:5 ?C^^^^:^CG CC 7CA7CAGG A777GAGA7G iGGAAAAACA 10800 

f'i^hr^^'^^'^*^ ccaccctgca g7a7G7a7c: gac:-.::aag no4c 



f'S^^^^.t^, CT77CGGG7G 7AAGA7TGCA G7AAA7CCGC I086G 

rr'-^?^; -l^^lr^^'^^''^ T7CCCA777C 7A77GACA7.: CCGAACGC7G 

uACAitAGA* uoAC.AC7GG lCiCAACAG7 CAAA7G7GAA G7CAG7GAG7 10980 



10920 



SSr^^S Tp;'^S^':-: -GCAACTC7 CCAAGAG7rG ACAGtSa7G 11 ICO 

IJ::'^^:;:^::: t^'lt^':^''-- -cag.acac- 7-agcac:gc gag7c:acag gcga-c-:-a i 



IE':!!^ii:'r, ^'^'^-^ -agacaaca: gcaa-gcaga a7G7aaac:a :cagc-gac: 112=^ 

AiA.CG.GAG CACC::GCAC iAAAA-G^^C" iAGAA"-ri r-C-.r^- 7r---.-^- -i-cr 

f^Li:i Gl ; G , • . Gu. . : . : i CGGCG ;CGC:-:G7C GC7A77AA7- ATAGGACT-A 1 1 -^aq 

l.tl-'lt': l'^^^^'^ A7GC-GAC-A GCACACGAAG A7GAC:GCTA CGCG-AATG iidCC 

-r— '^^^ ^BHP -^Gi^AAC-GA- G7GCA7AA7G •:A7CAGGCTG ii46a 

'atagcaaca c'aaaaac-: ga-"ac-7c i-ao 

Ef^^i:':?^::: wl lCGCag ■g77gc:aca 7aaccac:a7 A77iAc:A7- -i^sc 

lAitiAGnju ACGCCAAAAA 2'CAA""".i" TTrrGAGGAi '."'.Tri'TiV ' "u-":,"-t- "cir 

TiCAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA i jjic 



Fig. 8E 
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ReducPd r!jJnnI'?K Ajphavirus Vectors with 
Meauced Cytopathogenicity and Prolonaed E> 



Expression 



pSin-Neo 
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XL-1 Red -Tiutegenesis 



Linearize plasmid 
In vitro trsnscription 
RNA trcnsfection of cells 




Drug selection 



Isolate and Characterize Drug-Resistant Cells 
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Fig. 8G 
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Mapping the mutations that reduce or eliminate 
cytopathogenecity in SIndbis virus vectors 
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Fi-^. 9A 
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Fig. 9B 
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Days Post Transfection 



Fig. 10 
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Fig. IIA 
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Days Post Transfection 



Fig. IIB 
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O Mode 




Fig. 12A 




Fig. 12B 
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SNBSTM-Lucif erase Vector Packaging by 
pOCMV-intSINrbz and 987BB Derived PCL 
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Fig. 19 
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Data- 

reolicon ^vector) 
t. SINrep/LacZ 

3. Sinrep/capsid 



heloerroll >gMA s'] 
DHBBCrrvSin-gps 

OHBBCsin + 

0H8B(CdeiefedRRVSIn-gps) 
OHBB(CdeieiedRRVSin-gps) 



inf units/ml 
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5-I0xl0"9 
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normal size 

ni constructs 

A TotollOl - sites for rtie insertion of ttie RRV ccpsid gene 

3 RRV - sites used for cloning of ttie RRV ccpsid gene 

C chimeras I) complete RRV capsid gene 

2) RRV capsid gene nrs 7855-7888 deleied. 
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Sequential Amplification and Recombinant Protein 
Expression Using SNBS™ Vectors and PCL 




Fig. 27 
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Amplification of Reporter Gene Expression 
by Transfection of PCLs with ELVS-lac Z 
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Fig. 32 B 
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Sector Packaaina by 
p8GSVC.Wdlhyg Packaging Cells 
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SHIENCE USTTMa 



(1) GENERAL INFCRmUCN: 

(i) APPLICflNT: Oiensky Jr. . Ttaas W. 
Polo. John M. 
Belli. Barbara A. 
Schlesinger. Sandra 
Dryca. Sergey A. 
Fnolov. Ilya 

(ii) Tni£ CF INVDmON: REGMINWT AliWVIRUS-BASED VECTOS 
dii) MJtER CF SaeCES: 118 

(iv) amspm^cE accf^ess: 

(A) ;mE3SB: SEED and BE3?Y US> 

?n '^'"^'^ 701 Fifth Avei« 

ILJ Liir: Seattle 

(D) STATE: teshlnctcn 

(E) CCLNTRY; [JSA ' 

(F) ZIP: 98104-7C92 

(V) CC^PUTEH .RE'iD'ELE FCf*!: 

(A) MDILM rrPE: Flccoy disk 

(B) CC^fUTER: lEM Pc' raipatible 

(C) CPESA^^G S^r PC-0C5/I«-0CS 

(0) SCFTVWE: Patentin Release §U. Ver^icn #1.30 

(vi ) GJPim AFPLICATICN DATA' 

(A) APFLICATICN ,\li€ER- ' 

(B) FILING QATt: 06-Crr-1997 
(0 CLASSIFiaTTCN; 

(viiD ATTijRMF^/A(Bf7 I^fL»^ATIC^I• 

(A) ,W€: ^t^^asters. David 0 

(B) REIS7RATICN .\LhfiER; 33.953 

(C) REp5©CE./0OC<ci mSR: 930C49.457C4 

(IX) TELECCNftNianCN irfQRmTICr 

(A) TELErHCNE: (206) 622-4900 

(B) TEL^iX: (206) 682-6031 
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(2) INFCRHflTION FCR SED 10 N0:1: 

(i) SEOBCE OWVCTERISnCS: 

(A) IBBIH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) SIWMHJIESS: Single 

(D) TCPOjOG'^: linear 



(xi ) SEOBCE DESCRIFTTCN: SEQ ID N0:1: 
ATCTUWC3G imum TAG" 24 
(2) INFCRMATiCN FCR SEQ ID N0:2: 

( i ) SEOBCE Oii^R^CTERISnCS ; 

(A) LENGfTH: 48 base pairs 

(B) TVPE: nucleic acid 

(C) SiMCEENESS; single 

(D) TirajDG'i': linear 



(xi ) SEQUENCE DESCRIFTICN: SEQ ID ND:2: 
QSTGSaGCn: JmpCSfCT CfiCTAT/m TCPOJiErA 48 
(2) INFCRMATICN FCR SEQ ID N0:3: 

(1) 3EXeCE OWVCTERISHG: 

(A) LEMJIH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) SmtmESS: single 

(D) TOKU£{: lirear 
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(xi) SEOJENE DESCRIPnCN: SEO ID ^D:3: 
MTnUlGITDiGC 
(2) INFORmnCN FCR SEQ ID iN0:4: 

(i) SaaUENCE OWOERIsnC: 

(A) li^ETH: 17 bssa pairs 

(B) TYPE: nucleic acid 

(C) SmCEIhESS: single 

(D) TCFOnS/: linear 



(xi) SEOJENCE DESCRIPUQI. SEO ID ,'0:4: 
Xi TGCSAiGT TyiCTGiC 
(2) INFCRi^AnCN ,=CR SEC ID NC:5: 

(i) SEOeCE CKflRaCTERISTIG: 

(A) LE^G7H: 18 sase sair^ 

(B) lYFE: nucleic acid 

(C) SimCEMSS: single 
(0) TCPdOGTi': linear 



(xi) SEOBCE CESCRIFTKJi: SEQ ID NC:5: 

cnnaTT/ic ttcatgx 

(2) INFORWnCN FCR SEQ ID NO: 6: 

(1) SEajE>)(:E (>msCTtRIST:CS- 

(A) LBETH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STWNCEDNESS: single 

(D) TCPCLQ?^: linear 
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(xi) SEQUENCE DESCRIPHCN: SEQ ID IC:6: 
GOGTQ&\TCA CmC 
(2) INFCRmnOJ HK SEQ ID N0:7: 

(1) SBJjBKx OWOERISnCS: 

(A) [Bm-. 19 base pair^ 

(B) TYPE: nucleic acid 

(C) SnmmiESS: single 

(D) HKLOffC: linear 



(xi) SEaeiCE DESCRIPTIGN: SEQ ID igD:7: 
ATTGCGiG^T TTCirajr 
(2) INFORWTICN i=DR SED ID N0:8: 

(i) SSmZ CHWOERISnCS: 

(A) L9GIH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) SilWCEENESS: single 
(0) -mS£(: linear 



(xi) SEaeC- DES(j^IPn{>l: SEQ ID ,N0:8: 

TAiwrrn^iG cnrnj 

15 

(2) INFO^AuCN .=DR SEQ ID N0:9: 

( 1 ) SEQUENCE CHftRflCTERISnCS • 

(A) L9ETH: 18 base pairs 

(B) TYPE; nurleic acid 
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(O SIRAMHNESS: single 
(D) TCPCLOJi': linear 



(xi) SEOBCE DESCRIPTION: SBQ ID N0:9: 
GGuMAIGGC ATWGITC 
(2) INFCRWnCN FCR SEQ ID N0:10: 

(1) SEQUENCE CHOfi^CTERISnC: 

(A) li^G7H: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STWNDECNESS: single 

(D) TCPCLOfff': linear 



(XI ) SEOBCE OESCRIPTTCN: SB3 ID NO:iO: 
CiGGCCiiTGG ASGSAirtSS 
(2) I^fa^ATICN FCR SEQ ID NO: 11: 

(i) SEQUENCE CHARaCTERISnC: 

(A) LENGTH: 58 base pairs 

(B) TYPE: nucleic acid 

(C) SmsmS^: single 

(D) TCPCLOGY: linear 



18 



19 



(x1) SEa'ENCE DESCSIFTICN: SEQ ID N0:11: 

CCCCTCGSGSbiiiiiiiii 1 1 1 n 1 1 1 1 r TTCaAATOT AAA/Vm^A Tnm 58 
(2) INFCFMATICN FCR 533 ID NO: 12: 
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(i) SEQUENCE CHSRACIERISTTC: 

(A) IBm: 48 base pairs 

(B) TYPE: nucleic acid 

(C) SnWCBDNESS: single 

(D) 7CPCLQGY: linear 



(xi) SEQUENCE DESCRIPnCN: SEQ ID ^D:12: 

TATATGGGCC OGATTXSGGT GJCCTAT/SG AllGfiCS^ TfiGifiOC 

(2) INFDRmnCN FOR Stg ID ND:13: 

(i) SEQUENCE CHARACTERISnC. 
(A) [Em-. 23 base pairs 
(8) TYPE: nucleic acid 

(C) SmmmS: sirgle 

(D) TOaOTi': linear 



(x1) SEOECE i3ESCRIFn(»: SEQ ID NO; 13; 

CUSCAiGE GTAfC?K£A TfiC 

(2) INFDRmnCN FOR SEQ ID NO: 14; 

(1) SEQUENCE CKAWCTERISnG; 
(A) LENGTTi: 21 base pairs 
(8) TYPE; nucleic acid 

(C) STRWEDNESS: single 

(D) TCPCLOG-^: lirear 



(xi) SEOBCE DESCRIPHCN; SEQ ID ND:14; 
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(2) immnoi FCR SBQ id ^D:15: 

(i) SBQUENCc CHARCTtRISnC: 

(A) LBEIH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) SmCBMSS: single 

(D) TCPCLOGY: linear 



(xi) SEa'ENCH DESCRIFnON: SEQ ID W}:1S: 
■miLiliLG AiiiblUisG C 
(2) W(WATlCti FCR SE) ID .VC':16: 

( i ) SEOJEMCE C-;ilVCTtRIS7IG : 

(A) LiMSIH: 21 base oalrs 

(B) T^P^: nLcleic ac'd 

(C) SimmES: single 

(D) mUEf: linear 



(xi) Se3JENC£ CESCRIPnGN: SEQ ID N0:16: 

(2) INFCPmnCN FCR SEQ ID NO: 17: 

(i) SEXENCE CH/mTERISnG: 

(A) LEMJiH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) SnwCEDNESS: single 

(D) TCPOLOG'i': lirear 
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(xi) SEOJENCE OESCRIPTICJN: SEQ ID m:17: 
CaTTTC«2 Q^TilHEA C 
(2) INFCRWTTCN FCR SEQ ID NO: 18: 

(i) SEQUENCE OmsCTERISnCS; 

(A) LE^EIH: 21 base pairs 

(B) TYPE: nucleic add 

(C) STOWmiESS: single 
(0) JfdSGf: linear 



(xi) SEQUENCE DESCRIPHCN: SEQ ID iN0:18: 
GiiSGCGGAH: GCOGVA^G G 
(2) INFGRI^A™ for SEQ ID NO: 19: 

(i) SEQUENCE CHAfVCTESISTICS: 

(A) LBEIH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) SimOEDNESS: single 

(D) TCPOjDGY; linear 



(xi) SEQLENCE OESCRIPHCW: SEQ ID N0:19: 
TCjaCCGTKjr SIlimTG 
(2) WORMAHCN FCR SEQ ID iN0:20: 

(i) SEQUENCE (?AWCicRISnG: 

(A) LE^E1H: 21 base pairs 

(B) TYPE: nucleic acid 

(C) SnVMEJESS: single 

(D) TCPCLDG-f: linear 
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(xi) SejeCE OESCRIPTICN: SBQ ID ^D:20.• 

(2) INFCRmiTCN FCR SEQ ID ^D:2I: 

(i) SEOJENCE OmOBISaCS: 

(A) mm: 22 base pairs 

(B) 7VPE: rucleic add 

(C) SmCEMSS: single 

(D) TCPCLO?^: linear 



(xi) SEaeCE CESCRIFTICN: SED ID ,VC:21: 
CAATTCiJG T/JCGCCTDC TC 
(2) INFCRMAHCN FijR SEQ ID N0:22: 

(i) SE'UBCE OWCTcRISuCS: 

(A) LENCT: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STONDEENES3: single 

(D) mLCEf: linear 



(xi) SEaeCE C£S(3?IPn(>l: SEQ ID iN0:22: 

(2) INFCRMATIOI KR SEQ ID NC:23: 

( 1 ) SEQUBCE OW/SCTERISTIG : 

(A) LENGIH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRMENESS: single 
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(D) TOPCLOSY: linear 



(xi) SB3JBCE DESCRIFTTCN: SEQ ID ^D:23: 
WATTO Allllllill llllllllil llllliiiii TTTTnGW TC 
(2) INFCRWVnCN FCR SEQ ID ND:24: 

(i) SEOBJCE OmTERISnC: 

(A) LE^EIH; 35 base pairs 

(B) TYPE: rucleic acid 

(C) STRAMHJES5: single 

(D) TCPCLOGY: linear 



(xi) SEQUENCE DESCRIPTICN: SEQ ID ,\D:24: 
ATATA lUTiG /SGCCAHSSC CXXX2^ GGC-JG 
(2) INFCKmnCN FCR SEQ ID N0:25: 

(i) SEQUENCE GW5flCTERISnG: 

(A) ami: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDECNESS: single 
(0) TTKLOGy; linear 



(xi) SEOeCE CESCRIPHCN: SEQ ID ,\0:25: 
ATATAS^TC CnUTTATAC ASaSTACA CTTn: 
(2) INF[]R^An(>l FCR SEQ ID NO: 26: 

(i) SEaeJCE CHWOERISnG: 



wo 99/18226 



PCT/US98/21062 



11 



(A) LBETW: 35 base pairs 

(B) TYPE: nucleic add 

(C) STRAMDEOeS: single 

(D) TCPOLOGY: linear 



(xi) SEOBCE KSCRIPTICN: SEQ ID ^rl:26.• 
ATATiSCrcGA GaCCATGVrr GWVSGATC QATTG 
(2) INFCR1ATICN FOR SEQ ID N0:27: 

(i) SBiBu. (ymocRisncs: 

(A) LENGTH: 35 base cairs 

(B) TYPE: nucleic acid 

(C) STRiNDEIMES: sincle 

(D) TCPCLCG-^- linear 



(xi) SElBCz KSCRIPTICN: SEO ID ;NC:2?: 
TATAT>5GI]G CGCa>GAA SVOSTa AiV^ 35 
(2) INFCRWnCN FCR SEQ ID NO: 28: 

(i) SEQUENCE CHflWCTERISTICS: 

(A) I3m: a base pairs 

(B) TVFE: nucleic acid 

(C) STRANDEENESS: single 

(D) TCPaOtrC: linear 



(xi) SEQUENCE OESCRIRION: SE3 ID .N0:28: 



21 
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(2) INFORmnCN FCR SEQ ID N0:29: 

(i) ScOJENCE CWRflCTERISTICS: 

(A) LeCTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) SmCEMSS: single 

(D) TCPCLOffC: linear 



(xi) SEOeCE DESCRIPnON: SEQ ID (C;29: 
G^AJiGC^CiG .ifCG:!:ji^ CG 
(2) WCRMATION FCR SEQ ID N0:30: 

(i ) SE-XECE C-ifiRACTER!S7IG: 
(A) LEMJIH: 34 base pairs 
(S) TYPE: nxleic acid 

(C) S7RAICEWESS: single 

(D) TCPOLOG'C: linear 



(xi) SEaeCE CESCSimCN: SEQ ID 10:30: 
TATATCTCGA GGSKSICTT GrPGTAJTfG lOG 
(2) INFCRmnCN FCR SED ID ^D:31: 

(i) SEaeCE CFAWCTERISnCS- 

(A) USmi: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STPAACEDNBS: single 

(D) TCPQJEI: linear 



(xi) SEaeCE CESCRIPTKJJ: SEQ ID ^D:31: 
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TATATATATA TOQHmX GCWECCCC AATOTB^ C 
(2) INFiDRWnON FCR SEQ ID N0:32: 

(i) SEQUENCE OVSRaCTERISnG: 

(A) LENGTH: 65 base pairs 

(B) TVPE: nucleic acid 

(C) SIRANDEDNESS: single 

(D) TCPCLOGY: linear 



(xi) SECUENCE DESCRIPHCN: SEQ ID W3:32: 
CTATAGiGCT CGTHMfiCT iiiniiiii 1 1 1 1 1 1 1 1 1 i llniiini 



(2) INFOmiW FCR SEQ ID i\0:33; 

(1) SEOJENCE CHARWHtSISnCS: 

(A) L£^ETH: 12 base pairs 

(B) TYPE; nucleic acid 

(C) SilWCEIMSS: single 

(D) IKLa?C: linear 



(xi) SaxeCS OESCRIPTTCN: SEQ ID NO:33: 
TCGATCCTAG 

(2) INFCRMATICN FCR SEQ ID N0:34: 

(1) sEa'ENCE omniRisnG: 

(A) USGH: 11 base pairs 

(B) TfFE: nucleic acid 

(C) STRWECNESS: single 
(0) Ura.Offi': linear 
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(x1) SBOUENCE DESCRIPTION: SEQ ID N0:34: 

(2) INIiCRMflTTCN FCR SBQ ID NO: 35: 

(i) SEQUENCE CHflftUERISnC: 

(A) [3m: 20 base pairs 

(B) TYPE: rxjcleic acid 

(C) SnwCEENESS: single 

(D) TCPdOffC: linear 



(x1) SEaeCE CESCRIPHCN: SEQ ID ,^C:35: 
CHEATOJA QE^TCGSGGC 
(2) INFO^AHON FOR SBQ ID i\0:36: 

(1) SEOBCE CfiSVOBlSnCS : 

(A) Ism-. 20 base pairs 

(B) TYPE: nucleic acid 
(0) STOSICEDNESS: single 
(D) HrajQ?C: linear 



(xi) SEQUENCE OESCRIPHON: SEQ ID N0:36: 
G!GCT/!G3^T CCTA3CTCCG 
(2) INFCfimnCN FCR SH3 ID N0:37: 

(i) SEOBCE awOERISHG: 

(A) L£?0: 44 base pairs 

(B) 7YFE: nucleic acid 
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(C) SnWCEDNESS: single 
(0) TCPOLO?!': linear 



(x1) SEQIBCE OESCRIPnCN: SBQ ID N0:37: 
TATATATCflG CTOTA<V\ AlGfiGmT TGCATCGWT TGIC 
(2) INFORmTTCN PGR SEQ ID N0:38: 

(i) SEQUENCE CPARfiGRISTIG: 

(A) [BGH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRA^CEDNESS: sinole 

(D) TCPCLOG"/: linear ' 



(xi) SSmi C£SCRIPnCN: SEQ ID iN0:38; 
TATA iliiATT WTiGV^TG; CACZTXKA GfOAl^ TEC 
(2) INFCfiMAHCN KR SEQ ID ,NC':39: 

(i) SEGUEMCE CHARACIERISnC' 

(A) Wm: 56 base pairs 

(B) TYPE: nucleic acid 

(C) STOWEIMSS: single 

(D) TCPCLOG'i': linear 



(xi) Sca^NCE CESCRIPTIOJ: SEQ ID i\0:39: 
(2) INFORmnOJ FCR SEQ ID iVD:40: 



56 
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(i ) SEOBCE OWOBUSnC: 

(A) IBGM: 69 base pairs 

(B) TYPE: nucleic acid 

(C) SilWCEEWESS: single 

(D) TCPOjOGY: linear 



(xi) SEOJEMIE DESCRIFTICN: SEQ ID N0:40: 
TATATGiGCr CCICCCTTAG CWTCCMT GGaCGlGCGT OnCCITCS AlGISym 60 

(2) I^FCR^'A■^CN FCR SEO id iN0:41: 

(i) ScXBCz CHmCBlSTiCS: 

(A) L£^ETH: 34 base pairs 

(B) TrPE: nucleic acid 

(C) STRANDECNESS: single 

(D) TCPCUTC: linear 



(xi) ScXECE DESCRIPnCN: SEQ ID N0:41: 
TATATATAG^ lUTTiE'CAT TGOTATTG^ CTAG 
(2) INFCRmUCN FCR SEQ ID ^C:4^: 

(i) SEQUE^JCE CWWUERISnC' 

(A) LEMJIH: 42 base pairs 

(B) TVPE: nucleic acid 

(C) SiRANCEIMSS: single 

(D) TCPaa?/: lirear 



(xi) SEQIBJCE OES(j?IFnCN: SEQ ID ^D:42: 
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(mWJfiC aJTOCTM /KWICIG OTATATAW CC 
(2) IfmwnCN FCR SEQ ID M3:43: 

(i) SBQUEMCE CHARflCTERETIC; 

(A) LOGIH: 38 base pairs 

(B) TYPE: nucleic add 

(C) SmCEMSS: single 

(D) WPOSEf: lirear 



(xi) SECmn. DESCRIPnCN: SEQ ID iVO:43; 
GOCGTTT/iG TEVCCSTAT i&CGGSTA GTAC^ 
(2) INFCRMATICN FCR SEQ ID ,^D:44; 

(i) SEOBJCE OWOtRISnC: 

(A) LEMGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) S7WNCEL^ES3: sir^le 
(0) TCPCLOG'f': lirear 



(xi) SEQUENCE DESCRIPHCN: SEQ ID N0:44: 
CreGDV!CC3 GTAtfGLaCGA TA: 
(2) I^FORmTICN FCR SEQ ID iN0:45:- 

(i) SEQUENCE CWRaCTERISnC: 

(A) LEMGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) SmcSMSS: single 

(D) TCPaOG'i': linear 
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(x1) SEQUEJCE DESCRIFTICN: SEQ ID NO: 45: 
QSTAOSfiA TUTCGIQCCG TC 
(2) INFORmnCN RDR SH) ID iND:46: 

(1) SEOeCE CHflfiAOERISncS: 

(A) LEMJIH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRAM3ECNESS: sir^le 

(D) TOFOjOffi'; linear 



(xi) SEaeCE DBCRIPTICN: SBQ ID m:,4e: 

ccTA iGCGs: GssTG&w: cttktsgu cg: 

(2) WCPfAmi FCR SEQ 10 ,^0:47: 

(i) SEma. omotRisnc: 

(A) LEMSTH: 31 base pairs 

(B) TYPE; acleic acid 

(C) Sm£BM3S: single 

(D) TCPCLOGY: linear 



(xi) ScmCz DESCRIFTICN: SEQ ID N0:47: 
CCTATirr-CC A3C«G5CCAA TTTATGCCTA C 
(2) WCFMATICN FCR SEQ ID ,\0:48: 

(1) SECLDCE CHARACiE^lsnC: 

(A) LEMHK: 34 base pairs 

(B) TYPE: nucleic acid 
tC) SIRWEENE55: single 
(D) TCPaOff/: linear 
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(x1) SEOBJCE DESCRIFTTCN: SEQ ID MJ:48: 
CCTATCCGGC (m^&OG GfOGim GfiC2 
(2; MCfiWTTCN FGR SEQ ID ND:49: 

(1) sEOBicE amoBisncs : 

(A) LBEIH: 32 base pairs 

(B) WE: nucleic acid 

(C) S^mxmsS: single 

(D) TCFCLCGi: linear 



(xi) SEOUENCE CESCSIPnCN; SEQ ID fijA9: 
CCTATIGrC AGCGVGCA TCA7CG33GC A] 
(2) INFlR^ATTCN FCR SEQ ID ND:50: 

(i) SEaeJCE CHaRSCitRISTTCS: 

(A) LBm-. 39 base pairs 

(B) T7FE: nucleic acid 

(C) SnwCEDNESS: single 

(D) TCPGLOGY; linear 



(x1) S3UENCE CESCRIPTICN: SEQ ID N0:£0: 
TATATA-rcCG GWCCXTA ^SGJTAAATAJ AAiATTiTT 
(2) I^FCR^'A^CN ,=CR SEQ ID ^D:51: 

(i) SE'XENCE OmOtRISnC: 
(A) LE^GTH: 43 base pairs 
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(B) TYPE: nucleic acid 

(C) SmCEMSS: single 

(D) TCPCLOSr: linear 



(xi) SffiUENCE DESCRIPnCN: SEQ ID ND:51: 
TATAT/SGGAT (XTAmITAG GTISaiATUr fimjfiOCA AC 
(2) INi=DRWTICN FOR SEQ ID N0:52: 

(i) SEaeCH CWWCIERISnC: 

(A) LE?ETH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STIWCEDNES3: single 

(D) mU£i: linear 



(xi) SEOjBCE DESCRIPTTCN: SEQ ID ,N0:52: 

Ti^TOj-iG g; 

(2) INFO^AnCN FCR SEQ ID NO: 53: 

(i) SBQUEMCE CHflWCTERISTIC: 

(A) LBGIH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) SnWCEI>ESS: sirgle 

(D) TUKLCG(: linear 



(xi) Sai'ENCE CESCRIPnCN: SEQ ID IC:53: 
GCIUTAATT A«G«3C 
(2) INIWATICN FCR SEQ ID NO: 54: 



16 
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(1) SEoecE amoBisncs: 

(A) LENSIH: £5 base pairs 

(B) TYPE: nucleic acid 

(C) SiRMDEDNESS: single 
(0) TCPOLO?!': linear 



(xi) SEOeCE DBCRIPnOI: SEQ ID N0:54: 
CTUTTTMaC fiCAJCrrAK IC^AK^ S3CCGCJATB MTTCGTTTA AfiCBA 
(2) INFCRmilCN rCR SEQ ID >D:55: 

(1) StOJENCE CKflRA'-E?.IsnC: 

(A) L£^G7H: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STFMEMSS: single 
(0) TUCLQEf: linear 



(xi) SEXeJCE CESCRimCN: SEQ ID ,NC:£5: 
mniAAfiC mUCATfiG OSCtSCATA CKBACATAA GATCmiA AfiCAG 
(2) INFORMAnCN FOR SEQ 10 M0:56: 

(i) SEQUENCE OmOERISTIG: 

(A) LENGTH: 37 base pairs 

(B) TYPE: rucleic acid 

(C) SnWCEENESS: single 

(D) TCPaOaC: linear 



(xi ) SEaeCE CESCRIFTICN: SEQ ID ND:56: 
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ATATATCCG3 AnCCGGDDG CnGGuIQW GflGuCTA 
(2) INFORttTICN FCR SEQ ID ^D:57: 

(i) SeiBCE OWACTERISTIG: 

(A) LeOH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) SnWCECNESS: single 

(D) TCPCLOG-/: linear 



(xi) SEieiCE CESCRIFTICN; SEQ ID ^D:57: 
CrcmCM C7CGfluVG\ ffiGCS^ 
(2) INF'mnCN ?CR SEO ID ^iC:5a: 

(i) S8DL'£M:E CHflR«-E?.IsnC: 

(A) LEiO^: 44 base pairs 

(B) TYPE; nucleic acid 

(C) SnWCECNESS: single 

(D) TCPCL(£{: linear 



(xi) SdQUENCE DESCRIFTION; SEQ ID ^D:58: 
TATATAl^ CKJT/mA TAViGCMTA QttTD^OVSA TTTC 
(2) INFO^ATICN FCR SEO ID N0:59: 

(i ) SEOBCE CHARACIcRIsnCS: 

(A) IBEIH: 36 case pair^ 

(B) TYPE: acleic acid 

(C) SmCENESS: single 

(D) TCPCLDG".': lirear 
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(xi) SEOJENCE DESCRIPITCN: SEQ ID ND:59: 
TATATGWrr CETTTCSflCA AfiCCfiCfifiCT fi&m 
(2) INFCfWJICN FDR SED ID ^D:60: 

(1) SeOUENCE CHaRCTERISTIG: 

(A) LBEiH: 35 base pairs 

(B) TVPE: nucleic acid 

(C) SmcamS: single 

(D) TCPCLCrr: linear 



(xi) SELeCE DESCRIPilCN: SE3 ID ,NO:60: 
TAIA M!G.i7C T/!GTU7ATG C^AT^CUTT GTfCT 
(2) INFGRmnCN .RDR SEQ ID i\C:61: 

(1) SEQUBJCE (ymOtRlSTiCS : 

(A) liJEiH: 44 base pairs 

(B) r^E: rucleic acid 

(C) STR^^CE^ESS.• slnole 

(D) TCPaOGY: linear ' 



(xi) SEOBJCE imiPTICjN: SEQ ID N0:6i: 
GGSATACKIA (XfiCJATAlC lUy^CSITAT C&G^PG^ OCT 
(2) I^F^JRMATI(JJ fCR SEQ ID 1^:62: 

(i) SE'XBCE (WR4C7ESIS7ICS; 

(A) LEMJTri: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STWMHNE5S: single 
(0) TDOjOG-^ linear 
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(xi) SEOBCE OESCRIFnCN: SEQ ID N0:62: 
G^TAT/CTS TGSGTATaX CG 
(2) INFCRWTION FCR SBQ ID ^D:S3: 

(i) SEQUEMCS CKARflCIERISnC: 

(A) LBCTH: 34 base pairs 

(B) TVFE: nucleic acid 

(C) STRAWDEDNESS: single 

(D) TCPaajC: linear 



(xi) SEaeiCE CECRIPnCN: SEQ ID N0:63: 
TATATCSaiii: CCGS^TCC TTAA lUTCT CAIG 
(2) li^CRi^nCN PGR SE3 ID 10:64: 

(1) SEJBn. C-fimUBISTiCS: 

(A) LE>irH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) SnWCEDNESS; sir^le 

(D) TCPCLOG'i': linear 



(xi) SEXeCE CES(j?IPnCN: SEQ ID N0:64: 

TATATATCCA TCCCCCCCCC OXCME 

(2) INFCRMAHOI FCR SEQ ID l^D:65: 

(1) SEXeCE (JWVCTERISnG: 
(A) LE^G^}^: 43 base pairs 
(8) TVFE: nucleic acid 
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(C) SnWMHJBS: single 

(D) WaSJai: linear 



(xi) SEQUENCE DESCRIPTICN: SEQ ID ^D:65; 
CATCOGWC G^HmiC CTDSCWra T liai i i IC M fiQ^ 
(2) INFCRmnCN FCR SEQ ID ^D:66: 

(i) SEQUENCE OmsClERISnC: 

(A) LffO: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STTWCEDGS: single 
(0) TOaorC: linear 



(xi) SSaCNCE CESCRIPTICN: SEQ ID NO: 66: 

(2) INFCf^ATICN FCR SEQ ID NO: 57: 

(i) SEOBiCE CHWCTERISnC: 

(A) LENGIH: 36 base pairs 

(B) TVFE: ojcleic acid 

(C) SnwOEDNESS: sir^le 

(D) TOaOffi': linear 



(xi ) ScmCZ CESCRIPnCN: SEQ ID l^C:67: 
TATATATCCA TTUCAfGA OCmfieA fGSuA 
(2) I^FCfim^(>l for SEQ id ND:68: 



36 
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CD SEQUENCE CHSRflCTIRISnCS: 

(A) LE^EIH: 35 base pairs 

(B) TYPE: nucleic add 

(C) STRflMTOESS: single 

(D) TOOjOGY: linear 



(x1) SEOBCE DECRIPnCN: SEQ ID ND:68: 
ATATOE\ GfiC:jmCC G^TTC 
(2) INFORMATTCN FCR SEQ ID ,^0:69: 

(1) SEOEJCE G-;4RACItRISnG: 

(A) LENSIH: 42 base pairs 

(B) T'FE: oxrleic acid 

(C) STRSICENESS: single 
(0) TCPCL-r/: linear 



(x1 ) SEOBiCE CECRIPnCN: SEQ ID MC:S: 
TATAIGC3GC CGuATT«:c ^XTiUTGT CCCTTCCGGG GT 
(2) IhfOraiftTICN FCR SEQ ID ^D:70: 

(i) SEQUENCE CHAWCTERISnC: 

(A) IBm-. 42 base pairs 

(B) TYPE: nucleic add 

(C) S:i1WCe]NESS: single 

(D) TCPCUE^: linear 



(x1) SEUENCE CECSIPTICN: SEQ ID N0:70: 
ATATACTC3A G^-^ CGC^GCiCC^ CTGGTOCS CA 



42 
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(2) INFCRWnCN PGR SEQ ID ^D:71: 

(i) SEQUENCE OiAROERISnC: 

(A) IBEM: 39 base pairs 

(B) TYPE: nucleic add 

(C) STONDEENESS; single 

(D) TOPOLOG'i': linear 



(Xl) SS]UE?JCE KSCSIPTICN: SEQ ID ^D:71: 
ATAT/^GuOS CffiCTIAICr IGUGTISCTA GTC^GCAU: 
(2) INFuRmnCfl FCR SEQ ID >£:72: 

(i) SEaeCE CHARiCtRISTTG: 

(A) LSOi: 34 base pairs 

(B) TYPE: acieic acid 

(C) STWMKNES: single 

(D) TCPCLOG-r- linear 



(xi) S&3BJCE DECRIPTICN: SEQ ID ^D:72: 
/SCACATTAAT TWmGX GCGQ&VGCG /iGV\ 
(2) INFLATION FCR SEQ ID NC:73: 

(i) SEatNCE CHAIVCTESISTIG: 

(A) LE>ETH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STTWCECNESS: single 

(D) ■ICPaOG'C: lirear 
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W) SEQU0JCE OECRIPITCN: SEQ ID N0:73: 
fiCfiCAJTAAT TAfiGTAnGG CCCOWTGQG GTCT 
(2) INFCFMAnON FDR SED ID ND:74; 

(1) SEOBC CHflRflCIERIsnC: 

(A) LBGIH: 26 base pairs 

(B) TYPE: nucleic actd 

(C) STR4MDEDNESS: single 

(D) TCPCLOGY: linear 



(xi) SEOJBCE DESCRIPTTCN: SEQ ID .NO: 74: 

ccacsJATn: ggtcctajat m^is: 

(2) INFO^AJTCN FCR SEO ID M3:75; 

(1) SSmZ CH/iR^CiERISTTCS- 

(A) UEmi: 25 base pairs 

(B) TYPE: rtcleic acid 

(C) STRWEDNESS; sinale 
(0) -miCG{: linear " 



(xi) SE-ME CeSCRIPTTCN: SEQ ID NO: 75: 

(2) IMFORMATTON FCR SEQ ID M}:76: 

(i) SEaeCE C-'ARACIERISnCS- 
(A) [3C^: 23 base pairs 
(6) TYPE: nucleic acid 

(C) STFWCEDNESS: single 

(D) TCPaOG'i': lirear 
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(x1) SBQUEMI DESCRIPnON: SHJ ID ND:76: 
C0«CG3\Tn: CQQGSnCDG 7CC 
(2) I^JFCRmTTCN FCR S5Q ID 10:77: 

(T) SEJJENCE CHflWCTEUSTTCS: 

(A) LeeiH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) S1WMBNE3S: single 

(D) m£G(: linear 



(xi ) SeiBCE CECRIFTIGN: SEQ ID 1^:77: 
CC^CVGuT (jn3CACTG33 ATtTG 
(2) mFCmriQi FCR SEO id l^D:78.• 

(i) ScCUBJCS OmiCTcRIsncS: 

(A) LBETH: 25 base cairs 

(B) TYPE: nucleic acid 

(C) SmtmESS: single 
(0) TCPCLOrr: linear 



(xi) SECLeCE DESCRIFTICN: SEQ ID ^D:78: 
CC^TU: GTGCX\TG^ /sgtg: 
(2) irFCfiMAJICN FCR SED ID NC':79: 

(1) SEaeCE OWCTERISTIG: 

(A) LBGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STTWCEUESS; single 
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(D) TCPaOGY: linear 



(xi) SEOJENCE DESCRIPTICN: SEQ ID l>D:79: 

(ificmnr (XB^AC (lEfGmc 

(2) IMFDRMflTICN FCR SEQ ID ND:80: 

(1) SEQUENCE CH/>R«nERI5nG; 

(A) LENGTH: 26 base pairs 

(B) TiPE.: nucleic add 

(C) SnWNCEIMSS: single 

(D) TCFaOJC: linear 



(xi) SEQUENCE CESCRIFTIOI: SBQ ID ND:80: 

cciajTAAs (2n:GEuTT Tiurn: 

(2) INFCRMATICN FOR SEQ ID ND:81; 

(1) SEOBCE CHflRACTtRISncS: 

(A) LBGIH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEOCSS: single 

(D) TCPOOGY: linear 



(xi) SEUENCE DESCRIPHCN: SEQ ID ^D:81; 
CDCCTTAffi l&fiGGiAA SV\TC 
(2) IhTO^AnCN FCR SEQ ID tO.SZ: 

(1) SEOJENCE CHflfiACTERISTIG: 
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(A) LBEM: 24 base pairs 

(B) 77PE: nucleic acid 

(C) STRAMDEOES: single 

(D) 703011?^: linear 



(xi) SEQUENCE CESCRIFTION: SEQ ID N0:82: 
CCflCVGHT GSaaXQJT «5SG 
(2) INFDRWnCN FCR SEQ ID ^0:83: 

(i) SEaENCE CHiRflCTERISnC: 

(A) LENGTH: 19 base oairs 

(B) TYPE: nucleic acid 

(C) SiWICElNESS: sir^le 
(0) UPCLOG"^: Unar 



(xi) SEaeCE CESCypnCN: SEQ id l^O:83: 

(2) I^FCRMA^CN FDR SEQ ID N0:84: 

(i ) SEO-iENC CWWCTERISnCS: 

(A) LEMSTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRifCEDTESS: single 

(D) TCPCLGGf': linear 



(xi) SEaeCE DESCRIPTICN: SEQ ID iN0:84: 
(i:^a3G!\TlX Q3a/!G3SiCA GVG 

24 
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(2) INFCRWTICN FCR SE3 ID ^D:85: 

(i) SEOfNCE OiAWaERISIlC: 

(A) IBGUi: 16 base pairs 

(B) TYPE: nucleic add 

(C) snmmiEZ: sii^ie 

(D) TCPCLOGY: linear 



(x1) SBGUEMCS DESCRIPTICN: SEQ ID N0:85: 
(2) INFCRMAHCN FCR ScQ ID .^0:86: 

(1) StaecE G^moBisncs: 

(A) LEfGlH: 42 tase pairs 

(B) TYPE: nucleic acid 

(C) SnVNCEDNES: single 

(D) TUPCLO?^: linear 



(x1) SEaeCE DESCRIPHCN: SEO ID .N0:86: 

TATATATATC TC&SGiCCGC WG^K CCmCC^ CA 

(2) IMWWnCN FCR SEQ ID N0:87: 

(1) SE'llENCE CHAR/sCTERISnCS: 
(A) LEfCTH: 38 base pairs 
(8) TYPE: riucleic acid 

(C) STKWCENESS: single 

(D) TCPCLOGY: lirear 



(XI) SEaeCE CESCTFTICN: SEO ID IO:87: 
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TATATATATC CGGOHXA ATTAinrrTC TGSTTCGT 
(2) INFDRmnCN FCR SEQ ID ^D:88: 

(i) SEIUENCE CHflRACTERISTIG: 

(A) LBGiH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMEDNESS: single 

(D) TDPCLfl?!': linear 



(xi) S53JBjCE DESCRIFTICN: SEQ ID M0:88: 
TAJATAG^ii: TGEuGCGGJ TTACCCTCC TATC2GTG1T .iG 
(2) IN'FCf^ATIO'J FCR SEQ ID ,NO:69: 

(i) SESUBCS CHARiCTtRISnG: 

(A) LeiSTK: 35 base pairs 

(B) lyPE; nucleic acid 

(C) STRSWCEENES: single 

(D) ICPdOGY; linear 



(xi) SECL'ENCE DEHSRIPHON: SEQ ID 1^0:89: 
TACGCOGTCA ATACGSTTa CTAAAC&JGC TUiGC 
(2) I^FCRmTION FCR SEQ ID l^D:SO: 

(i) ScOBCE CHARACTERISnC: 
(A) LEN37H: 35 base pairs 
(S) TYPE: nucleic acid 

(C) STR/sndElNESS: single 

(D) TCPCLOG-/: linear 
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(xi) SECUENCE DESCRIFTTCN: SE) ID NO:gO: 
TPGIOMIG TATmm: GTfGTfaO^ CTATT 
(2) INFDRmTICN FCR SEQ ID .N0:91: 

(i) SEOJENCE CHAR«:7ERISnC: 

(A) LE^EIH: 22 base pairs 

(B) TYPE; iucleic acid 

(C) SnWCECNESS: single 

(D) TCFa£E(: linear 



(xi) SEQUENCE CeCRIFnCN: SEQ ID .\C:91: 

(2) MGR^ATION FCR SEQ ID iND;92: 

(1) SE^UBCE Cf-AR«:TE<ISnC3: 

(A) LE^E]}i: 42 base oairs 

(B) TYPE: nucleic acid 

(C) STRANCEDNESS: single 

(D) iCPaOG-C: linear 



(xi) SKUENCE DESCRIFTION: SEQ ID ND:92: 
ATAT/SGAGCT CTTMTTAAT CTTiUiBVG WCZHK: iC 
(2) INFCPWTICN FCR SEQ ID ^C:93: 

(i) SE?XeCE OW^jERISTIG: 

(A) LEMGTH: 35 base pairs 

(B) TVPE: nucleic acid 

(C) SlTWCEEaCSS: single 

(D) TZPQSEf: linear 
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(xT) SE3JBCE DESCRIPTICN: SEQ ID N0:SO: 
ATATysG^GCr CfiOmiGA AflAJMTAr GaCCG 
(2) I^FCR^W^CN FCR SBO id ND:94: 

(1) SBDUENCE CHARAORISTIG: 

(A) LBCTH: 46 base pairs 

(B) TYPE; nucleic acid 

(C) SiIWCEENESS: single 
(0) TCPCLa?^': linear 



(xT) SEfieJCE C£SCSI?n»J; 55} ID iNC:94: 
TATATATTM TTAMTAGiA m^KHfC JCAGmJG C&>TCC 
(2) INFCfiNATICN FCR SEQ ID l>C:95: 

(i) SEOBCE CHWCTBISTiCS: 

(A) LBEflH: 40 base oairs 

(B) TiPE: nucleic acid 

(C) STIWCEENES: single 

(D) TOPOLOGY: linear 



(xi) SemCE DESCRIPHCN: SEQ ID N0:95; 

ATATACimV GTAGGlAilS TGWCC^GT AACGTTATAC 

(2) I^FCRMAuCN FCR SE) ID ,NC:96: 

(i ) SEaeJCE CWWESISnCS: 
(A) liMJiH: 45 tase pairs 
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(B) TypE: nucleic acid 

(C) S7Rfl^CED^E5S; single 

(D) TCPOLOG/: linear 



(xi) SEOJENCE DESCRIPnON: SEQ ID m:°6: 
GCOCrnnC TTUmTTTG GCnGXGCT 
(2) INFDRmnCN FCR SEQ ID ^D:97: 

(i) SajBlCE OWOERISnG: 

(A) L£^EIH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) SnWCELNES: single 

(D) TCPCLQG'/: linear 



(xi) SEIBCE DESCRIPTICN: SEQ ID l^C:97: 
CCAA4WG^ Ai^GWffiG GS^nSSTGCT TTUTUTGJ 
(2) irfCfimilCN FCR SEQ ID N0:98: 

(i) SEQUENCE CKARAjERISTIG: 

(A) LE^E1H: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STIWCEDNESS: single. 
(0) TTKLOj/: linear 



(xi) SECUENCE CESCRIPnCN: SEQ ID NC:9e: 
fiTATfiGGJ aTmCK^ TCATuQATT TCAflATGC 
(2) INFO^MATO F(R SEQ ID .\J0:99: 



38 
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(i) SEQUENCE (HWCTERISTICS: 

(A) LENETH: 30 base pair^ 

(B) TYPE: nucleic acid 

(C) SmmmESS: slrgle 

(D) TOPOLOGY: linear 



(xi) SEmCE DESCRIPHCN: SEQ ID ND:99: 
OGOni^T TGTG^GOGCr (XAATTOS 
(2) INFGRMflnON FCR SEQ ID ^D:100: 

(i) SEOeCE CKWCTERISnC: 

(A) L£^G^H: 7 amino acids 

(B) TYPE: amino acid 

(C) STRflNCENES: single 

(D) TCPCLOG-/: linear 



(xi) SEaeCE GECRIPnCN: SEQ ID ,vC:iOO: 

Pro Lys Lys Lys Lys frg Lys 
1 5 

(2) INFCRWnCN FCR SEQ ID fD:101: 

(i) SffiUENCE ChWRACItRISnCS: 

(A) LENGTH: 8000 base pairs 

(B) TYPE: nucleic acid 

(C) SnWCEENESS: single 

(D) TCPCLOGY: linear 



(xi) SECLENCE CESGRIPHCN: SEQ ID NOrlOl: 
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ATCCC^ATTnrnTCIGrWJTAAACT^ 240 
a^TUrT(SC^TAGGCAGa3CACCGGCT^^ 

ATTClUTOGCOLATGOJroiflGVGACC^ 3^, 

mXTGCAA WTCGGTirC GWTATiL^ 5^ 
G^ATHA TCiJl^^GGu ATGW^^ 

cc^cc^ CA:n;ncTCG sj atcgc^ (jnim:r iirsr^icvc /tcA^ncG] ko 
ca^xs^G^A ;gtcctigm Qsc^^ 

GTAS^:^ .A^TTGTCG ATAATG^GGA .^GA^^TT SVGCC::!!- TGSI]G£nT 760 

AJTu-mir .^7l5:CA CnTATCC^ ^^.:g:gC c^~-n^:G .^gcTGSC^- 840 
TTU:AiG3E7 GTTOXTTG AA iGGW 

TGOTGA /GOTCCTA GTGVGWA TWICATCiG TCC'SSGS^TC AG3Si=GVA, 960 

a^TAa3a]Gn-ACAC^CAATAGSAJS.^ ^g^jj 

A7mTE^TCJrATAATC(n:^T:;TATCra;(B;iG^ 1140 

AWITAaTTnGCG^irAT;iGCWGS7^ 126) 
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■eossorrr hhxta^g mGrfiCAii CGmTAra caxcm fca:fiefcn im 

QGnAWG7Ca:«EC]TTTTTA3DGnTT7m 1440 

TGCCCATUTi: (ri^«GGM3 AAATTGW^ 1500 

TCCIGCaGGT CTCQS^ TTfiGKAKL ASXA^GS: TBCTTTIGaG GAUTTUSGG 1560 

A31W^:^G ASCGSaGVG ClirsaGaAS igZO 

TG3«2C2GC (H^sGVGTT GOXLW TG^^ Igeo 

CATTflGmi^ A«ICGC3C GGiTOTM GS^TMXiCC TWGCWT GaCCGTATGA 1740 

TGBiC^A TATniTTGTi: TOTOWa CIUTACTGiA GaATODM CTCGCiCCiG 1800 

CGXCCGCi ,^GC^X^ GnMiflL; TArtX^ GSSW^TCA G&VGSTACG 1860 

QScimvc: ATAGi^Cr .4MI7X^ 1520 

AAT7CCTAGC ,Cni!GII]4G /SGCGCC2G7 TAGIl^ACAA GGWG^ CriiST&VCC 1980 

GCAWJATA CC2C;TTG:C ATCWTGGCC CCGCCVGW. TfOCAf&G G^CCfiGTMlA 2040 

«337rACAiA 3GC:G:G:TT GC^GWC^G ^ACGToTT ibiCSHS^ ;!AiVGC^ 2100 

GCSTTAA^A GSVGVGO: it^GJTUGS TCCTCICGS: .^GVCT>CC MXCZ^H 21a) 

ATaiG^GCT /iGCTUTS^ GSOi5A>; CCO^CTGC GSTCCOGT/SC AA^TCGAAi, 2220 

CaAT/!G&2Gi GATAGGC^a CCGGGGIGS GCWIOCC TATTATDVSG TWCTO 2280 

CGGCJffiSG^ TUTTCTX^C AGCG&WGA A<!GVWVTiG TGSCSaMTT G^GECC&iCG 2340 

TGCi A^ GSGGGSfTATC CflGATTACGT CGVG^CiGr ^GATTCSJIT ATCCXWG 2400 

GATCCCXM /!GCuJrA&V\ GiGuGT^ TiGiCGVGC GTTCSOra: QXSl^G^ 2460 

OOCTTCC CnG\Tii:C7 ATCGTCiGGC CCCGuVSGAi. SJWGT^A Tn-yj^ACC 2520 

CCATGCAATC CGSATirrn: AACATl^TCC A«JAiAGE7 AIATTICVM G2CCCTBiW\ 2550 

Af&CATAlG CXCAfiGCA TKTKAfiCr ATATUTIICG GCGTTSX; CAGCCGTTA 2640 

C«SJA-nG7 ATC&:(XI13 CATTKI^IB aWGAiG^A. .A^CXSVC CCE7I5>!GA 2700 
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/mCAWA M-TCGATATT fiCfGSSXA OWGCCGW QCMGGSM A7CATCCIG\ 2760 

CATGTTTCaamSSjrrA^GCAATTKMATnsO 2820 

CflGCOrGGC OOiOVflGQG CTAaCC^G^ 2880 

ATGAfiA^CCC OTffiffi ATO^ 2940 

^SflC^GGu AMGW ACT^ 3qqq 

WCTM^GG A4«nTID5G (rrACTAIs^ 3203 

TTiTTGCMT /vw:2Gcai /o:^ 

GClGGGu^ A3WT7GS5A CC2AIOG CC^CGGOSG TAHSTATT ^SCCGTOC 3180 

Asres^ ^GunrccA c^cnibCSG at^wc: /cattcggcc AT7T>!CKrr 324c 

Tf&di^J TTGCATTA^G TTTTTuSCA TGOT^ AfGC32^ TmUT/WC 33CC 

AGSGCATtrC ACTAAL7AC CATCCCG^ AT^ ~:g, 

AC^KCO^GG AACCOSIAAG TA iGGE7;2CG A^ 342o 

GATTTlGc: GmX^GCTA GCTCSSyCG GCCX:vcr iBiT7TG::G AC33GS2GV. 34£G 

CCSG^AT COSCC^ WTA«:-GG TCCGJJH^ CCGOV.TUT CGraiT 35ac 

TA^CCIB^ GT/C^^ MSCA^frOS 3g;0 

ACflCCAcrc AGTACTO mio^ /mAAm fiGJczcsiT mom^ m 

AATCG^TCx CCCGATTGGC ATAGCCGSIG C^G^TAAGSA CTKAfiCH^i GCTTTCQGaT 3720 

TTCCGuSCA GGC^sCSTAC GACCTCT" TCAH^SCAT TGGAACTAAA TKXmi 3760 

ACXmWGC^CnGCGAAGiCCAil^C^ 38^ 

TC^nC-CCT TAWJCAGS; GGCCTUTOG TBJR^C CTATCGC: AC GCCQSCCGC^ 3SC0 

AC«TG5G^ (STAGfTlXC GtXTTGC^ gcg, 

CAGATTCTUT CTDVk3C>\T AC W:;Ur ACu^ 4020 
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GDDOTG>\TCrATMAajrTQnEmG^^ 4260 

«jr«jrMA TWC^TA^C ATCA^IK^ ^ 

^aSG^GCOS ;AA^(^ OT^^ ^^^^ 

GAO^ GG4CS7A«:C ATCTAm 4^ 

OSCOrC^ ^MS^ THITTA^CiG AG^^ 4^20 
ATG;GT7A:rATGi;iTX^T(X^iGrTS^^ 

CAAA<!G^;a. A TTGTATinS TACnO^ (^^ 474^ 

M^GGTO] TTCCCTAATC ^g^^ 
«:;TAJiG33 TI^.::A7G GVGC^TCC GOiW^ 

CG^/^O: GCCCW«]G TTl^^ ^^20 

CrA^MTTA«^T(TO^T7C^ 50^0 

ffic^ccGwnLTTccorccsrA^^^^^ 

CT:CTirTC<: /^.GS^G 

CT^TA«:^CTurni^TGTi:^c^ 5220 

GCTlXTT7T7im:GCrrr«30QG;TC^ ^ 

OJIIl^GG^C: TOT^A G^mA3 53^^ 

ATI^GGTCCA.^-I^CCTATTCCaCCG::^ 5^,0 
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cflGGQGcw M^aomr AHirAcas 5^ 

u 1 1 mn£ QEfTATOCATC TCCCTOEAT OWTTTm OS^Cf&Ci OHQCDaGS 5520 
CCGaCQSSGA amTO5G (X^GCC^ 

TyOISTTA CATATTT7CG ^B&o:^ 

TCC^CA STOCm GCB^CCuGG >sSXV\7Er CCIGSWG; ATICATGCCC 5680 

MxC^ .A«^ASr^ 0^1^ ^ ^ 

AGflTXuA TCDGWCM TIUT/OXA GTAGGGTACC GSLVCTAC TCCKTCM; 6120 

/^GTTT^Q^OTCyETAAC^^ g^^^ 

ATC:G;T7AC TGiO^AC (^TILT^^ ^^40 

TGS;i)OL' AACCTTC7GC (lOGCT/V^ g.^^^^ 

G^GCCCQSVyTATOOGCWGCCT 53^, 
TCATT^K: /WAWG^ AATTO:WG 

ACIC^ A^Tl^ &VVTCC77TC GVW^TATG: a™ 6480 
AS=(^7l2aVC<:CAATTAG^^^ 

CCCTAffiGCC (TO^COT TIX^ GTA^^ 6600 
/WV(ni]CC TATOMT;G^ TTOJRIATtS gggO 



/ 
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Gr«OTTA«TOBSa!^TO«raffi«T(MnDacTTTTO 7080 
«Tl^(TOTTEaffiCWOTOls*M,xrG^*«^ 7200 

^"^"^^^^'^S^A^WC^GCC^IffiX 7800 

^-u-ukxjlo CAJGSXrr A/iGTTGS2GG 7960 

COMOTr GITOMSIC 

SOOO' 

(2) IMTOWTICK FOR SB ID m i02- 
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(T) SEOBCE OWWCTERISTTG- 

(A) LSEIH; 8000 base pairs 

(B) TYPE: nrleic add 
(0 STRflMHWESS: single 
(D) TDPOLCE'i': linear 



3C0 



(x1)SEa£^IC£CESCRIP^0N:S£QID^D:102: 

a^nrrr o^r^ ^^^^ 

ATTGIGIUG CCCKiGOGT AGlTCJGViG ACCCTjt- r,^,^, 

'WxK^cs caie;tg3m tacgco^gta 350 

AdGGCGGi\ AAAsGuIIB: AfiaTT/STAA Arji/>r«.r- 

ACAiGVCTT GWTGJGV^ ATT/V!(S;tC 420 

™"^^^^~a^ATA^A^ ^ 
G^^A^ATCA^,^^^^^^ ^ 

COMGSGV\ AJRUm GCGGSr/via TIS&itttt rjr-.ru.. ^ 
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COElOSSatTA OiaSTO CflCWTO ^q^D 
CSCTAAA^GG ^GWE^A TUmcra 

AT(mm: togtaimtc (mamk JAicficcm amxM mam m 

TTGGGCICaA OCflGOSWT G1D\TTWCG OTGSJCTM OJQSVOCC MXCATX 1200 
AAAATTOT miGCOT: ATAJXA/iG QTOQCAA A1QGaCTA«3 GflQGGDViGG 12S0 
ATG^TUm^ TAACGiGW ATBCIGGSTA CT/GaGVlCG CAflGCrWE TATQSCIGJ 1320 

njimnnr -mxTfim /mr/mr CGfmTAicG cccflccras\ nkj&oj m 
GCGT/VWG7 coc^rcTcr TTT/sGusnr TTCcc^-nni: GmrATGs /cGSfnuT iw 

mCATGTC (OJaGGC^G /W\T1GWC 1500 

ASVGCC^ A33W^ ^g^O 

TCSaCS:^ (H^aGVGTT GTUIE^ ^ggO 

CATTAGTIb; AftlCCGCGC GGTCACSTAA GG^TAATiCC TWGDVSAT GiCCGTATBi, 1740 

TA-mm: C]UTGuGV\ G^ATGCOVW OCGCXL^ 1800 

CGGJtrCGCr ^GC^GATCiG GnM>MC^ JAfiOOCZ (Em/m GSWSWCG 1860 

aMIMrATA»CrrAWrACTGATG^^ 1920 

AATTCCIiG: 0>aGTG=G AGOEOiCGT ISGTCTACVV OmGm JUGmc: 1980 

GCAAACTATA OXATiGCC ATCCATCGCC (mififim TfiCfiCfif&G Cfif^/GTACA 2040 

«3GroC^ QGC«S2Gur (T^^^ 2100 

(rGTTASG^A G3WA«r: Ti:«2TO 2I6O 

ATOTGiGCr CTIG^ (SOiVG; (mii^ 2220 

CMTAG&!Gr GAT^GG^a (XGGSTCffi 2280 

CQGC^TCTTOCAGQmWG^AO^ 2340 
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TGCDVSGCT GaffiGGTATG CfiGmfiCHT CCfifiGfiOG^ PGmmT AIHXWE 2400 

GATGOXAA /mBim GIGCTOG Tmcmr. GITCGOEIGC OmjWG 2460 

OOOTGC CriGflJISJ AIOJIDm: CCCGCAAG4A QEPGWCTA TGOGESGJCC 2520 

ccATGCflATC CQSvnurn: mAicm: mjmsr yiCATTTOwr qoccoow\ 2580 

AflGAC^TATC OmfGfiCA WTPCAfiGT ATATUIiXCG QDETIGCACA OSSTflGrTA 2640 

C«xTATiCT AiraaCfiCTG 0\TTACQ\TC GWGATCiiA WIAimC CCGIGCA«>\ 2700 

ASAAC^TK^MTljGATATTACaQjGXCACWGC^ 2760 

CATCTTTCCG OGGSIGSTT A<GC4AJiI]C AMTlaiO TOXGSiCAT GVGTAAHi; 2820 

CWxGGCGGC (X3CflA23 CTAACCiGiA AfiGSJGTUTA iGCeSTCCGG CAAAWiW 2880 

ATGWACCC .CTGrACKG AfCACATCiG fiCCAJS^ OJiUTTljCTC ACCa3(XiG 2940 

AGG2C2G3C7 AGiUiGSVA ACCTTGC^ GCGiCCCAiG G\i7AiGCiG CCCflCTAffiA 3000 

T/!Cn>WG3 AAflCTTTCAG QCTACTATAG AGSOSS^ XCimiX M^JfiA. 3060 

TTGCiI3GW mOGm, ACTCCCOITG CCiATCOJIT OSGCIG^VG AOMSnT 3120 

Gcnssc:^ agwttcsw cd&mactag CM:Gs:as taiciwJctt agbotcc 318o 

AGiIS2GGG\ ACIUTTCCCA 016TTTGC2G AIGiCWCC /CflimrC ATTTAOrcr 3240 

TAGWAAT TTClATWG TTmUSS^A TQSiCTiGsC AfflCGSsCTC TITOWC 3300 

AGiGCATCCC ACTAffiGTAC CATIXOGCCG ATTL^GC&G GCaSTAGCT CATIG£5CA 3360 

AC2GCCC2G3 AACC0GO¥G TATQSSTACG ATIXGCC^T TGCCGCCBW CTnCCCGTA 3420 

G^TnnSSr GnCCPQJACOSaSVGS QCa^^ TGfMTTCC^G KS^&A 3480 

CG2G2G7TAT CODiOJG CATAACCIG3 T1XC33k^ OECSAirrT CCTOCGCC: 3540 

T^JICCCCGA GrAC4«33aG AflBCAACCCG QCCCGETCAA MAATrUTG AACCaGTTC; 3600 

MlXCfiCK. AGTACTTCIG GTATUSGiQa A/VAAATiG; ^GCilHIGr AAGGSAKS 3660 
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MmTCGC CCDG™c AlflQCOQSIG C«»TAflOW (JfiCfim SJTTUm 3720 
TICOGCOGCA QQCaOGOTC GsCCTGSlUr TDTOVSCAT TfiCAGfififiCZ 3780 

KrficnTa\(£mDM(mAi(mcEimTm 3340 

TCAATTGCCT TA^CCC^QS^ QQMCCra TQSrevSGlC CTATCGCT/SC GOCGaCCGCA 3900 

ACOSaGGA (mrcao: (rrcnGCW GWGITO 3960 

CflG^TTUIGT CTCWIMT ACflGWATCT OT^TTTT COSSOVCTA GflOVSCflGX 4020 

GTACflos:; ATTCiorcs (:^^ ^ 

CAfi&GMGi .^GU^r (JECCmT /KliSimi A'GGS^T ATTCCTGaC: 4140 

(HCV^^GS; AGC^OTTC A«n^ 4200 

GCCTGCCAJ CTATM^G^ TCSXS^CCA GmiACGGl. TTC^CC] G^G^C^A 4260 

CG3uVGWTGOOTCr/!GSWG^A^G;^ 432o 

ffiAffiCACC: AGVGCaG^A (EC™ ^ 

fiCTTfiGYfiAA. -mCATfiAC A10VOT TCGCDMin: .CISTATUT /iCiGGlATTT 4440 

AC3C:aGCCGGAWG^(™!CTAT0!C^^ 4500 

C3GaCGTA*CC ATCTATim: TGS;TA«Gsa GTC34«JJ!A /&AJG^ 4660 

aaCOXA ACnMSSG TUICTAC«3 /SGCTGifflGA TOViGATATC GflGATCGSCG 4620 

ATOT^GT Ammi CC^GWT (TT^^ 4gB0 

omem atigtattcg TAcmaw qdsccamtt ccatdvsgca gdw!ag4ca 474o 

TGrGGAGiJAA^QGinnGTTraJAATG^^^ 4g00 

AaiATTGGG TC^GSCCATC G^ASCWTO: ffiG^ 4gg0 

OJOSGCCC (TCC^AASCG TTK^ 4^2^ 

TOXAG^CT TAG¥GWAT AAC^roWG 4530 

CTACGCACM M7TAO\T GTIOSGViG TTC^ 5040 
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mficrcc (3:ATKm(xcaIcmAmmK^mmGfiAc^ 5100 

aSATAfiCX CICQTOT mCPCKA TUOCm TA-IQ3VIB5C AJTAIGW 5220 

GCnXTTTTTOGCm-Aim^TaSA^ 52go 
OTOGaCC TAMXTA Gfl6fl.TA3W3 

ATCCOGm AGCTTC CCrAT7a:ac 5^0 

C^QCEGCyffi AWAPGCDC 5^ 

ClTTTCGnuG GCTATCWTC TCCTTUSM GWTmcs; GG&JGSGJCG GCCCGCC2G3 5=20 

c=Ga3m=aAaxrTGQCA^c2G^ 

Ca3aCGS:G\ GATTG^TGJG GG^GOSW 

GATCATTIGA ACCGGGCSW GlBraW TTA lATO COS^TDsgcc CTATCTTTTC 57C0 
C«JAG5:V\ GCAG^Gm ^GiOGC^ 

TASTCGGTA WTATmffi ^CSiC^ 53.3 

7GCi(M:CA QCTTAC2GW CC^^ 525^ 
a3GHSai2^ 

A«m«:AA mSTfiGITK COTCTA ASGT/JGWW roaGAAAGCC ATAflQXIG 6000 

ASATCflCCTA imSWCCA TO^ g^^g 

OTGCiUr ^GCIOT AflCfl«n-ATC TCCAHSaGV, CTATCCGia GTAGCATCiT 6180 

mTAHISC A^mrc (rCGOTAT 62C0 

GSGCCCCGM TATOE:^ GCGSTFCWT C^GCKTS:; GVXXQCTA CAAMTGIG: 6260 
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TlOTirar /iOiWViG; MTTGCAADG Tl^^ ^ 
/SCTUSG0&5C ATTDWTCIC mwrnc GWATATQC AWmflC G=GrATTHS 6480 
A3GOTGC TCQBVSGCCA ATTOTTA CUa&m TGIUmTA TATCTASCTA 6540 
G05WG3 CCCTAWm: OmXTAT TmAfiGflC GTATAATTTC SKaCAJM. 6600 
AflGWIGCC TA-mUGV TTTOTOG fiCATOmfiG fi&CMSm SnfiCNXfiG 6660 
OWEWa (XA3VG4A AjaOEWG T;^^ 672o 

OGCIGJiA CnATCOS ATODGE AATTAGflGCG TASCTTOG QCCGTCTC 6780 

TTCcwc;- TCcacGnr TrmAw cgscggsgs; ttotgw atwtascsg 6840 

fifiCfiCTTCM GCaASCGaC OCGGWGCG A^iCGG^TAT CGCATCATIC GfCmGZ 6900 

AAS!G«:3C TATGSSTTA AmTO HS^TCTITi^ aSaCuGST GKS-AlCAfC &eO 

OCTfiOCSA (JlGA-KjcfiG TGCGCCITiG QfiGAfiATAlC ATCCCCWT CTATTACGE 7020 

GTiOjGlTr TA«AT7a3S3 GOS\TC^TG\ AAiG23V\T GUfnCXA CTiTTTO 7080 

AX^GrrTT GAAiHICGnT ATOGCC«Gu\ GSffT/JCPGi ;GsGu93u7 /VWSCSirCA 71^0 

GATGra: GTTCATuS: QaCBSC^ TCAX^c^TGS AJT/SGTATCr GiCWS&W 7200 

7G3CTCfi&G GTCCGuXC TETIWa TOMGTTAA GATEAim GCAGIC^TCG 7260 

(HG^GiG^CC /SOHTOT 1130^ 7323 

CGIGCCaST GGCGGATCCC CIGWGSC TCTTTA/iGTT QQSTAAflCCG CTCCQiGCCG 7380 
fiCEKEfiCLX PGKGfifiCfiC f&miK^ 

QfiGifif^AT fiACM^XJ 7TA»GIG3 CCCT^ ODGSrATE^G GTACACAATA 7500 

TTAxrnr cct/sciggca nGaGAcrr ttcc.x/i&!g cvwgsgca TrccsArw 7550 

TCAG^GGGS; AATAACGWT COOaETG GnXTAAftTA GT05QCATA3 TACATTiCAT 7620 

CIGSCTAATA (JACA^KC KZACCATCA AXa&GE^TT CTrWCATG CTCG3CCGCC 7630 

(TCCCnriC GGCCCCC5CT QCttTinGS; GGC^ 7740 
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TimGCa]G(Mm3CTGGCnUTCW^ ^ 
/Gfl«J:flQGC GCOMm CCA^^ 

/>GAm*a: TGCwar Mflo^ 

(2) INFDRmiTON FCR SHJ ID NO: 103: 

(i) SEOJENCE (WRCTERISnC: 

(A) LEhEIH; 11740 base pairs 

(B) TYPE: nxleic acid 

(C) SmsmESS: single 
(0) mwSf: lirear 



7920 
7980 
8000 



(x1) SEaeCE DESCRIPTION: SB} 10 NO:103: 
ATTGiGGGCG TPCTfiCXK TA77W7CA AAI^GCOi^C CAATTGC^ 

AA/WA^GCTTCCCSWftTTT&iGOT^ 

ATOCOW ATTTTmi ACTWTOM GCIEEaQSTT (miAOSG 

OS^TCIT QSaCATAGS: AJHXDGG CRETAGWI GTTTTCCG^ caCC^aTC 

AirauG coLATmir ahtcc^ atcqmig CAmiGm tackl^a 

MHGGCGGA MA«CTC A^GATTACAA AOWOT GCATC«GV>G ATTA<^TC 
raUOTr AOTBMAG AWCWTC GCTCTGCITr O^CAACGATC 

TTACCTGCAA CATCCGim: (^TATTOE TCATG:^ CTOTATC AOTCCCG 
GWATIJA TD^TC^GGCr ATGWG3CG TCOBS^Orr GTOE^TT GQCnCG^W 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
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(Xficram oviunocG ocTATOOcaG msTficx wsi/cnc /mfiOGz eeo 

(XEMSfim fiGmVSfiA QGGDErm TCGGaCTTTC OWOm O&GmG 720 

GWQSOS AWATTOjG ATMTCaGG^ mGmj SVSQCDCGGG n i-» i-i-'- i i 1 1 780 

Amocair /jqgatcbsca ctttatcdig mKj&a: ommG attogcatc 84o 

mxATCGsr GTTCCAcrra mtcswq: /G^STficx. r m iLm gwcos 900 

TCaGTTOCE^ /SGBCTACGfTA GIGVGVW TCPtXAlOG mi^TZ KSSy&fiA 960 

OMSSfi^TA (HBJTTACA CACWGCG ASGuTCTT QCJATa:W'\ GTT/OEaCA 1020 

CSGTAAAAS /GVGGS7A TOETTOnG TGTGCaGJTA CATCOBGCC ACCATATGS lOSO 

ATC«>\-IGiC TCGJATAATC GCCaCGS^TA TATDscCTG; 0G\TOTA AAACTiCTEG 11^ 

TiGSGCICJA OCWTGIATT GTCATTAAG GT/SGSiOA OG^AC: AKXIATG: 12C0 

AAAATTACCT iCIGCCSUC ATAGC^CVG GTOGu^A AiISSJA^G GSGC3CA«3G 1260 

ATG^TCTT&X TAAC&2GW ATCCHSSTA CTAGiGVSG CAAI^JTACG TAIGSCIGJ 1320 

iGIEGGGETT irKXXVG AA^ADTT GGnTTAiCG CCQiCCIG^ Xa-^C^CCT 1360 

GCGTAAAftir CCMGuUr TTXiGCSJr TICCCAiGu: OTCGTATGG /CSiCCTUT 1440 

TGCCCA7GIC GuGSGECiG AAATIGWC TCGCATiS:; .aCCAWVG G^GSVAm: 1500 

UriGCaGJr CTCG&^ TTAGTDSiTCG ^GGCOVSGGC IGJiTlGSG GMGCTOSffi 1560 

ASSAQCC^G /SGa3&!G4A3 CTCCEaGVG CaClTOXC ATTAGKS:; (KAmm 1620 

TC&GGCflGC CQQJGWTT GIUGOM: HS^GGSGCT CC«33DGSiC ATDBiGCWS 1680 

CATTAGTTl^ AACCCCGCSC GJXaCGFAA QSMAATACC TCAW3WAAT GaaUTATG; 1740 

TCGSJ0SG7A TATCJTO: TCGCCAAACT CiG(GCTGV\ QSATCCCAAA CTCSXCfG 1600 

CQG2CC0GCT /!GCa(^7G2G GfTOfiG^TO TAWX2CT: QSaA^ic^ OGVCSTAG 1660 

CGSIUaAACC ATACS4GCT AAAITACIGA TQI/SGMS .OTaETA CCATQ3CD5G 1920 

MTiCCTAGC /OiiGiGSG /sGC2aX3r TfCmfiOA (LWGS&G TiTUTiyACC 1960 
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QOWOVTA CCflCATTCX ATCCATQGCC dBXNm TfCfGfifiGfG GftGCflGPCA 2040 

MSHfiCm GQD2GflQCIT SJmfiOG ASTOEIGTT TGaCEIQGaC AfiCfifiOnT 2100 

QDGTTAflGAA QSfifiWBZ TCAiilLlUa TCCIUICQGS AMTO^CC A/mnUIJ a60 

ATU^TGfiGJ fiOJumG Qsosw^ axsmir Qsnrajr/sc fiummA 7m 

CAATA3S2Gr G^T/SfiSXA riTi^i?im3 GCMSTOQC TATTAIWG TDVOBICA 2280 

COaCflCGaG^ TUTTCim AGOGSWG; /VSGVWVTTG TaJEWTT GaQSCOaaCG 2340 

TCHMSiCr GiGaSjTATC C/iG^TT/iCSr GGA^GiCiGr /SGATilGSTT ATCCTOVSCG 2400 

GareCIXAA AXXTOG^A GIGCIUTACG iTCiCSVGC GTTCGCGTGC OCx}^ 2460 

C«JACTiGC Cm^Tiirr ATCETUsGGC CCCQCA/sGiA QGT;5(jrACTA imSSGiCC 2520 

CCATIS^ATIS CGS^TIUTTC MIATG^TCC fifiUfififiGir X.\mCfiAT CACCCTGW 2580 

AftiJCATATG amfi&CA TOC^ ATA lUTCCOj GuJlTTSCaCA CfiGJJGTk 2640 

OSGCTATfGT ATCG^OT WTTACBVIG GWGSTOaA mfiCm: amrfifCA 2700 

AJVsaTTGA AATCS^TATT ^^SGGGGCCA CWGCCG2A GuC/5GGGS;7 ATCATCCIU; 2760 

CATCiTTlCG CGGEIGGSIT MxAATTCC AAATCGJCTA TCCOGSaC^T GV^GTAAH^ 2820 

CaGCOGCGX OTXiAaS CTAACCSGSA MSasGIGTA TGCCGTCOGG OmfGCA 2880 

ATGAAMTC /037/5a3GG ATC^CATDiG miUIGW Lb lbillLll ACCOSCAOG 2940 

ASSaOSGGCT AGIGTGGflM /mTGCaGG QOGSCCCATC QATTNG^G (mafifiCA 3000 

XaCCTAMS AA«JTTDiG GCTACFAT/^ ^GSflCTGGS^ ATTOVSCiC A^GSSVflM 3060 

TTGCiGCAAT mOGHX. OKXGIG CCAATCC5TT CaGClI3CA«] AOMSnT 3120 

GCTGSaCSiA /SGCATilSSSA CCG^TACT/SG CCXGjdC TATCGT/SCTT ACCaSTO:: 3180 

/iGTlSaGCGA ALIbllLLLA OaGmGCQG ATGCmZ fiCAmSxZ A7TT/mn 3240 

TCG«GmA2.T TTC^ATT/VsG TTTTTCGoCA TGSSC7TC2C AfQCG&OS TTTTCT/VW: 3300 
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ASflGCAICCC fiCJfifiCSTfiC OmmB ATTDSQDBSG QCCBIKCJ CATTQSaCA 3360 

fiomcfGi MimM3 TATCsirAiG mcam mmm cicrcccErA 3420 

GATnOBjr GTTCC^ajA QOTOSiViGG SmCAfiCJ TCMTOG ACffiGGSGAA 3480 

CCfiGfiSnAJ CIUIGCACAG CATAflCnGG TCCDGSIGiA OOSIflATCIT mrmrrr 3540 

T/!GimiGA Gr/CVQB5G A«rAm3 QDCCG^ 3600 

Affi^OIAnr y^GTACTTCTC STATIC 3660 

AAmiCGC Camm: ATiUGCOGSIG OGMA^SaA CTACVCCIG GCIIimUai 3720 

TICCGCOGCA QQCACGGTAC GaCCIGGIGT TCATDVSCAT TGSWCTAAA TfCXWCZ 3780 

ACC^CniC; (»GIGOBW GflO^ 3840 

TGAATTSXJ TACCCaGS\ GGCflCCCICG TCSI&VGTC (JAISJK QCEiCCSlA 39C0 

ACaGiGJGEA OJWXiCC GCTCmm GWGTTTCT CffiSHGICr QCSGOiSGaC 3960 

CflGATiinur CKAfiSMT /VGAfiATGi KCIGATHT (XOmJA Gf€fiKAGI. 4020 

GTACaCGS:; ATTIXOCCG OSOCAra ATTGIITGM TfCSniSlG TATGJGBSTA 4080 

CA^fiaGATGS fiGnmjX QCSinm /SCDQCACCAA A«ES5GV\T ATTCCTbSCT 4140 

GmCM3^ fiGJ^Cm mKXXA AimOSSG T/sGsCDCGC 4200 

GCOEIGCCAT CTATAA^CCT HmEaCCA GITTOCOGA TOCOiCG QflGflC/SGaCA 4260 

COJ^/SGW GOIKnGC CTAGGW^ 4320 

GGWCflOCC AWGCAGVV QCCTCWr TSTACWA Om/iCCAT (TWJIGGGaG 4380 

AOTfiGTAW TGWATAAC ATCAAGTUIG TOSXATrn: ACiajAlUT ACXSGuATiT 4440 

ACGC«2IjG3 A^WGiCCGC CTTGSAGTAT CACTTAACIG CTTCflCfVia: GCSJAGSCA 4500 

GflAGEAQGC GGaCGTAflCC ATCTATTSX HSMAAGV\ GTOBVSGSVk /SGAATCS^G 4550 

CGGCCm KJTUG^ TUGTAfiCfG /sSHEVGSi. TGVGATATC GfiCm^ 4620 

ATCeGiTAGr ATUM iCCAT CCAGSC^GTT QJiGiAGGG WWGS^. TTCWJT/^CTA 4680 
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CAftAflGSVW ATTEWTTCG TfiCHUm GCflCOW\TT OKTWGCA QMAAffiaCV 4740 

TOGCaSJG^TAWQEniTCTTmJ^^ 4800 

ACATAITCS TGflGaCCATC GaAGCAAICC QQSWVGIG C003GTO CATAaCCCGr 4860 

OGITJ/SGCCC QCCCWWG TTOGCGTCDC TTTCCATCTA IQOWTGflCG CCflGWCffi 4920 

TCCaCflGSCTTAGWCAATAmCM^ 4580 

CTMSCflC^ AATTM3AAT GnCfiCMSi WGmC QWGTOK: CICTTTMTC 5040 

aifiCfiCKC (mTTCGTT CCCGCCOGrA AGTAaTAS; /!GTGCCflGV\ C^GCCTACCG 5100 

CTCCTCCTCC /CaGGuCS^G GaGGuTCOG MTOASC GSC^CGXA CWTITA(>!G .5160 

Cro^IWsC CnSCnGAT GTOsCSGiC^ TCIDSGG^ TATCS^TGSC AJTASCEW 5220 

GCnXTTTT T7CS!GuTT AGGGSAiOE ACaAHUTAT TACTAGTATG GfiOGUGII 5280 

OETC^GGaCC TAGTTOCrA GWGTAG ACCSVSG3CA G3«STG31G OnGaCGiTC 5340 

ATCCCGTCG; ASSGCCIGCC OJATTOX OrC^AGSJ AA^GVC:\7G GCCCGCCiGG 5400 • 

CSGOSCA^G AAW^ AOOXaS 54g-j 

□T77GSTC3 QGTAmTC TCCCTOS^T CAAT7iTCS\ CGSJGJGSCG GCCCGCC^ 5520 

CAGaSTACA ACOnm AC^GGCCCCA OGMSCC TATCICT7TC (mmu 5580 

COSaaasG^ GTOTC5G CTGflGOOGW Gfl^^ 554O 

GA.TCA-™ ACOGGGCS=A GTGaACTCAA TTATATCSiC CCG^TOGCC GrAICTTTiC 5700 

CCrACGu*AQCaG2G«GTAGO:i^ 570, 

raCGGTA CATAT7T7CG AGGACX/sg QCCCTGGGD^ (TOWVSG AOTETTC 5820 

GCTTAC^ OCSWrTIGG AGCGCV\-IGr COGSWG; AWAIGXZ 5860 

Q3SIGC7DGA C^CETOAAA GfiG[M^ gg^O 

A«3CCAACV\ .mfG^AC AAGTAGWA TI:2GWGCC ATAACDO 6000 
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ASBCTCT GTCfflGflCTA (EOT^^^ 5O60 

fiGmCCTA TUSmCA ITCWCm GTOSCTiCC 33JSWJK TCOWTCM: 6120 

^GironOT AGCTGICICT MMTATZ TQCATOm CTATOOQaCA GTmrCTT 61fl0 

ATCflGvnw: msG^fic Garanr/scr miATCGr /cacoGaacA gRiai'im : m) 

USSaJACTGC A«rnns: CCOJJ/ViGC TTAGWrrA CCDGWWV\ CAIBaGTATA 6300 

CfiGXCOSfiA TATOSOflffr GOETTCCAT CfiGj^W^ WOOaJA CMAATUIH: 6360 

TWTIGCCGC mjfimCA TCaOSCaWT (OTVOS CWCaCIQS &120 

ACiIIAGaiiC AT7D2ATGTC GJATCCTTii: G^ftAATATGC ATGTMIG^C GSGTATIGES 6480 

ASWSC TC3SV!GCW ATT/!GS\TTA CC^CG^ TGICJOSC:^ TATGrASTA 6540 

GiCTGWGS OCCT/V!GGCC QCQKXTAT TTGCWGC jrATAATTuS GKrCATiGC 6c00 

ASGACGIGCC TAHaGAT/iGA TiiSTDViGG ACATTSa/VVSG .iG^CST&VSA GTTAC!CC«3 6660 

a^SVW:^ (XiG4«3aA ;G2CaiWG T>0^ 6720 

CG^CTGCTTA CTTAiSEGG ATiDSCCGSG AA1TA3IGS TASCTWrG GdGICnG: 6760 

TICDWaT TlXCT- TTTOTuT CGSH^GS; TTO IISCA A iaT/!(DG 6840 

AfiCXJKAA GCA«SBSC COGSTACIGS /iGiCGS^TAT aZATCilTi: GfOmGl: 6900 

AAJJGXGC TATS3Q3TO ACQ3Gra 6950 

CftJACm Cni3Ara«3 TCCGjCTTTC GflGiMTATC ATCCCCC^T CT/iCCrACG3 7020 

GEaCKETTT TAAATTCQQG (mmm AA iCCGSWT GnnXCA CTTTTTO 7080 

/OCAGTiTT GAAmm AiDjCCAG:* CfiGT^afiCA AyGCGGCTT AAAaCGTCCA 7140 

G; lUTODiGC GnaTTOGC GSCQaCWA TCATfiWTCG .^OTATCT GfOMm 7200 

TCGCn>aG«3 GTCCGCC«C TSnCAAa TGMSTTAA G^TC^TCGiC QDSGTMTCG 7260 

GTC^GSGSCC imTfiCnZ TCuQGOSGAT TTAHTO AiMTISirr ACTTG^iOiG 7320 

(ETGOECSr GuuGS\m GGW^ 7330 
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.GVC^ 7^ 

TT;^(rromT75«^ ^ 

CIGOWTACr^CAAC^X/CCmTG^AT^ 7^^^, 

A3^^ GCCCA^i:^ CC^ ffi*^^ -g^O 

GGTMll^ aXlEC^ 

CAA^T^^AAm^^TlD^Ty^TI^ 8160 

G-GGW^ OSna^ ATDVTH^TA AOm^n^ 8340 
GIQ^IO^ TG^A 

AX^TTAA G^CS^ ^ 

QaMrTK:c^nCG^TOT,A.G:GA«^.^^ 33g^ 

CCnirTi:;A7GCCATATTCQSIGa^ ^ 

/^Ac coTAcni^ ax^Ta^ 
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OEIGCTTCflG(mOTWATOS«GC^ 

fiom/m mnrm cfomfiCA amfmi^ mxcAKi cmcm m 
/iGArrysGCflc ciCAOSTO w/>^ 

MTCCann: /GGGGflCflGC CTAOTTA GD^^ 9000 
OETTCflCGG TAaA<WWTr (XTIQCA^ 

QCTKATOC TAlGjXm (I&&aj£ fiCmTAJfiC ATCCWCCIG GMMm 9180 

TO(^A7l^ O^jSC^ffi (rCCA«^ 
CTACCiirATGSTC.XIOTGmCS^ 

GCCTTLAATTAi^raACCXni^TTir^ g^O 

OSA^CCVC CiCTGWTGG ATISK^ ggg^ 

ATGGOniSAAT^^ATATBSffiWTCATC/^^ ^ 

crassGA C(rn:«23G^ TI^^ 5720 

OTAC^ CATCTTA2CC g^^^ 

TTCC^GTirTAiG;OTflA^G^ gg^ 

CAAACGCCG7AATimcrTGri^ gg^^ 

AWGTO^C OS^TC A3TT^ ggg^ 

cniTTTAirGGnGcaacECT^ ^^^^^ 
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CIGTnXAM TGiraXflG ATOTAT^ 

asfiGma (mimj (Bi^ 

ACATOCCIG CMATTOO: /OJ^ ^0260 

CCTTTATO (3S=(SflGDG WATin^ 
OGTAOrm^ATIlTOCAWTIH^ 

ACrATB:CTT(n2£WTATGS=Ga»TG^^^^ 

CCTirnG^C TAGOWSAT CTC^ ^^7^ 
CCA«3^ GCAIGTCCOS TAC^ (T^ 

o:^ cccciGM Gwonx loeeo 

raSSGCGoTGSOroTACGGS^ ^^520 
0CrTTATi:*G(^7CPGAT(£aa:flCiGSK^^ loggo 

GflC^ATCCCCQTOTTOCATTra^C^^ ^^^^^ 

m33^/>G3^ AC«JA^ ^^g^ 

TmrATOxTGOSGA/!GA«;^ ^220 
ATATrai3^CCCCCGC^AAWTCCCA«^ 

CATffi^GnG oni^ orrra^ ^^3^ 
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Gr«:A7TA3ATammani^TAT^c^ usa, 

CraZTQCATOCrTTOTTATTTCTTTTATTMTO^ 

rnmm mrnm mmm Ammm i^j^o 

(2) I^FCRW^CN FCR SBQ ID 1^0.104: 

(i) SEQUENCE OWaCTERISTIC: 

(A) LEN3IH: 6 anrino aads 

(B) TYPE: amino acid 

(C) SimiDEIMSS: single 

(D) TCPCLOG'^': linear 



(xi) SEOeCE DESCRIFTIGN: SEQ ID ,VO:104: 

Ser lie Leu Gly Ser Ara 
1 5 

(2) INFCRmnON FCR SEQ ID MO: 105: 

(i) SEOJENCE OWflCIERISnCS: 

(A) LEOi: 21 base pairs 

(B) TYPE; nucleic acid 

(C) SnWOEDNESS: single 

(D) TDPCLOffr: linear 



(xi) SEOBCE CESCRIPTICN: SEQ ID NO: ICS: 
SimirTTCr CGlQCAflClG C 



a 
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(2) INFmnON FCR SEQ ID ND:106: 

(1) SEOJENCE OWVSOERISITC: 

(A) IBEIH: 21 base pairs 

(B) TYPE: rtcleic acid 
(0 SmosmS: single 
(D) TDPOLOG'i': linear 



(xi) SejBCE DESCRimCN: SEQ ID ^D:106: 
GiraSTTiGT 0G7GCACTG A 

a 

(2) immnm fcr sbq id mj.-io?.- 

(i) SEOJENCE CHARflCTEUSTTC- 
CA) LE^EIH: 21 base pairs 
(B) TYPE: nucleic acid 
(0 SiRANCEDNESS: single 
(D) mmf: linear 



(xi) SEOJENCE OESCRIPHON: SEQ ID |\D:107: 
OWTUTRXT Cf90QCCTTA3 C 
(2) I^flm■^ON FDR SEQ ID ND:108: 

(1) SEOJENCE CHARflCTlRISnG- 

(A) LBGIH; a base pairs 

(B) TYPE: nucleic acid 
(0 SnwrCEENESS; single 
(D) TCPCLOGY: linear 



(xi) SEOJENCE DESCRIPnCN: SEQ ID NO: 



wo 99/18226 
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(Miumrr CAomT/iG T 

(2) INFDRWTrCN fCR SH] ID NO: 109; 

(i) SHJJENC OWOERISnCS: 
CA) IBEOi: ZL base pairs 

(B) TYPE: nucleic acid 

(C) SIWMHJES: single 

(D) imiEf: linear 



(xi) SEQUENCE DESCRIPTICN: SEQ ID N0:109: 
TCCTAaAICG TDiGCAiaGT A 
(2) INFCRmnCN KR SEQ ID NOrllO: 

(1) SEOBCt CHflRCTEUSnC: 

(A) li^ETH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) SIWMH^ESS: single 

(D) TCPCLOrC: linear 



(xi) SEOJENCE DESCRIPHON: SEQ ID NO: 110: 

TUJ/mfG TCfflCAWCT T 

(2) INFCRMAnON RR SEQ ID ^D:111: 

(i) SHXBCE CHftR/sCTERISnCS- 

(A) LENSm: 34 base pairs 

(B) TYPE: nucleic acid 

(C) SHWCEIMSS: single 

(D) TCPCLOffC: linear 
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(XI) SBOaCE DESCRIPnON: SEQ ID I^DrUl: 
TATATCTOaA QQSlQJIGrT (S^fiGTATTfiG TUG 
(2) INFORMATION FOR SEQ ID NO: 112: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 
(0 STRANOEDNESS: single 
(0) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
TATATGATAT CAAAAAGCCT GAACTCACCG CGACG 
(2) INFORMATION FOR SEQ ID NO: 113: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS; single 

(D) TOPOLOGY: linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:113: 
ATATAGGATC CTCAGTTAGC CTCCCCCATC TCCCG 
(2) INFORMATION FOR SEQ ID NO: 114; 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 120 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS - 
(0) TOPOLOGY: linear 
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(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 114: 

Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro 
^5 10 15 

Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Ihr Pro Thr 
20 25 30 

Met Val Thr Pro Met- Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met- 
35 40 45 

Gin Gin Leu He Ser Ala Val Ser Ala Leu Tlir Thr Lys Gin Asn Val 
30 55 50 

Lys Ala Pro Lys Gly Gin Arg Gin Lys Lys Gin Gin Lys Pro Lys Glu 
^= 70 75 ao 

Lys Lys Glu Asn Gin Lys Lys Lys Pro Tlir Gin Lys Lys Lys Gin Gin 
85 90 95 

Gin Lys Pro Lys Pro Gin Ala Lys Lys Lys Lys Pro Gly Arg Arg Glu 

105 no 

Arg Met Cys Met Lys He Glu Asn 
115 120 

(2) INFORMATION FOR SEQ ID NO: 115: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 103 amino acids 

(B) TyPE: amino acid 

(C) STRANDEDNESS: 

(D) ' TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 115: 
Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro 
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1 5 



10 15 



Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Thr Pro Thr 
20 25 30 

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met 
35 40 45 

Gin Gin Leu He Ser Ala Val Ser Ala Leu Tnr Thr Lys Gin Asn Val 
=0 55 60 

Lys Ala Pro Lys Gly Gin Arg Gin Lys Lys Gin Gin Lys Pro Lys Glu 

70 75 gg, 

Lys Lys Glu Asn Gin Lys Lys Lys Pro Thr Leu Lys Arg Arg Glu Arg 
85 90 95 

Met Cys Met Lys lie Glu Asn 
100 

(2) INFORHATICN FOR SEQ ID NO: 116: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 88 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS: 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:116: 

Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro 
^ 5 10 15 

Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Thr Pro Thr 
20 25 30 

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met 

40 45 

Gin Gin Leu He Ser Ala Val Ser Ala Leu Thr Thr Lys Gin Asn Val 

55 60 
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Lys Ala Pro Lys Gly Gin Arg Gin Lys Lys Gin Leu Lys Arg Arg Glu 
^5 70 75 80 



Arg Met Cys Met Lys He Glu Asn 
85 



(2) INFORMATION FOR SEQ ID NO: 117: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 76 amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 117: 

Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro 
^5 10 15 

Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro TTir Pro Thr 
20 25 30 

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met 
35 40 45 

Gin Gin Leu He Ser Ala Val Ser Ala Leu Thr Thr Lys Gin Asn Leu 
5" 55 60 

Lys Arg Arg Glu Arg Met Cys Met Lys He Glu Asn 
65 70 75 

(2) INFORMATION FOR SEQ ID NO: 118: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 base pairs 
(8) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 118: 
ATATAGGATC CTTCGCATGA TTSAACAAGA TGGAT7K 
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